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IEX SITU INTERMEDIATE SEPARATIONS- ALTERNATIVE

RETRIEVAL }
Waste Transport total

Onsite Truck 1.25E+041
I_ jTotal 1.25E+04

Construction I
Offsite Truck I__ itrips/yr jkm/rip lyr (total I

concrete I 4.80E+02| 1.40E+02 2.00E+01 1.34E+061 |
raw material I 4.50E+01I 8.00E+021 2.00E+011 7.20E+051 I
equipmentl I 2.50E+011 1.00E+04 2.OOE+011 5.00E+061 |
miscellaneous 5.20E+031 1.40E+02 2.00E+011 1.46E+071 | -
steel W-314 5.30E+011 8.00E+02 _ 4.24E+04 1
cement W-314 1.00E+021 1.40E+02 | 1.40E+04 Total I 2.17E+07

Offsite Rail I trips/yr jkm/trip yr total I I
raw material 1.00E+01 8.OOE+02 2.00E+01 1.60E+5Total I 1.60E+05

Onsite Truck I I I I3 I
borrow W-314 1.38E+03 1.00E+01 1.38E+04'Total 1.38E+04

VITRIFICATION
Construction

Onsite Truck trips km/trip total
7borro - ./3+o5. 1.00E+01 5.20E+051

-I-I 1 I ITotal I 5.20E+05
Offsite Truck trops km/trip . total

concrete I : / So {oy 1.40E+02 4.06E+061
steel I - .IIe"0o$ 8.00E+02 7.60E+06

trips/yr kmtip yr
misce5laneous 5.6th d 1.40E+02 1.00E+01 7.28E+061
mIsea fTotal 11.89E+07

Processing I
..Ofisite TruckI trips/yr kn/trip lyr totalI

gtassformer/chem -. 6, 4o3 8.00E+021 1.95E+01 3.59E+051
,miscellaneous ,-. oC63 1.40E+02 1.95E+01 1.42E+07

~Total I 1.46E+07

Offsite Rail trips/yr , km/trip yr Itotal I
Iglassformerchem .. 7n 8.00E+02 1.95E+01| 4.06E+061 I

_ 7  Total 1 4.06E+06

VITRIFIED HLW TRANSPORT
Offsite Rail trips km/trip total

IYucca Mountain 9.35C+o 2.93E+03 4.98E+05 -
F .I iTotal I4.98E+05

CLOSURE
Onsite Truck I Icu yd jtrip/cu yd Ikm/trip jtotal I

Ifill I I 9.86E+051 1.00E-011 1.00E+011 9.86E+05|
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EX SITU INTERMEDIATE SEPARATIONS- ALTERNATIVE

RETRIEVAL I
Waste Transportj I | _ total I

Onsite Truck I I | | | 1.25E+041 I
- 1n I. I _ _ _ |Total 1.25E+04

Construction I _ I _ |
Offsite Truck Itrips/yr Ikm/trip lyr J total I I

1concrete _ I 4.80E+021 1.40E+021 2.00E+01 1.34E+061
Iraw material I 4.50E+01I 8.00E+02| 2.jOE+01I 7.20E+05|
lequipmentl | 2.50E+01I 1.00E+041 2.00E+01I 5.00E+06
Imiscellaneous I 5.20E+031 1.40E+021 2.00E+01 1.46E+071
Isteel W-314 I 5.30E+01 I 8.OOE+02( I 4.24E+041
lcementW-314 I 1.00E+021 1.40E+021 I 1.40E+04ITotal | 2.17E+07

Offsite Rail I (trips/yr lknVtrip yr |total I
|raw material 1.00E+01 8.00E+02 2.00E+01 1.60E+05ITotal 1.60E+05

- Onsite Truck I I
lborrow W-314 1.38E+03 1.00E+01 1.38E+04 Total 1.38E+04

VITRIFICATION
Construction

Onsite Truck Itrips km/trip total
Iborrow 72T/ C.o6 1.00E+01 5.20E+05

III_ ITotal I 5.20E+05
Offsite Truck trips km/tdp . Itotal

jconcrete 5/5*oq 1.40E+02 4.06E+06j I
. Jsteel Th2'(Ad 8.QOE+02 7.60E+061

I ps/yr km/Itrip yr I
Imiscellaneous S.JS/ro3) 1.40E+02 1.00E+01 7.28E+061
I_ I__ _ _Total 1.89E+07

Processing -
Offsite Truck Itrips/yr kmirip yr total I I

glassformer/chem - a03& 0 3 8.00E+02 1.95E+01 3.59E+051
- 7miscellaneous - 1.40E+02 1.95E+01 1.A2E+07i

___IITotal I 1.46E+07

Offsite Rail . Jtrips/yr lkm/trip [yr total I
glassformer/chemrn+i 8.00E+021 1.95E+01I 4.06E+061

ITotal I 4.06E+06

VITRIFIED HLW TRANSPORT
Offsite Rail ps km/trip total

IYucca Mountain -</7 13 2.93E+03 4.98E+051 I
I ITotal 4.98E+05
I_ 1 _ _ _ . _ _ _ _ _ _ _

CLOSURE I i
Onsite Truck I jcu yd trip/cu yd km/trip total |

Ifill I 9.86E+051 1.00E-01 1.00E+01 9.86E+051 |

Page 1

to



Sheet1
4Sw8 -at?

IEX SITU INTERMEDIATE SEPARATIONS-ALTERNATIVE

RETRIEVAL i
Waste Transport total

Onsite Truck 1.25E+041
ITotal I 1.25E+04

Construction _
Offsite Truck Itripslyr Jkm/trip lyr total

1concrete _ 4.80E+021 1.40E+021 2.00E+01 1.34E+061
Iraw material 4.50E+011 8.00E+021 2.OOE+01 7.20E+051
equipmenti I 2.50E+01I 1.00E+041 2.OOE+01 5.00E+061
miscellaneous | 5.20E+031 1.40E+021 2.00E+01 1.46E+071 -
steel W-314 5.30E+01I 8.00E+02J 4.24E+041 |

|cement W-314 I1.00E+021 1.40E+021 1.40E+04iTotal I 2.17E+07
Offsite Rail I tripslyr lkrtrip lyr total I I

Iraw material 1.00E+011 8.OOE+021 2.00E+01 1.60E+5Total 1.60E+05
- Onsite Truck I I I

lborrow W-314 1.38E+03 1.00E+01 1.38E+04jTotal 1.38E+04
VITRIFICATION

Construction
Onsite Truck trips km/trip total I

borrow / Ina J.6-2eE+-4 1.00E+01I 5.20E+051 I
I__ I I ITotal 7 5.20E+05

Offsite Truck trips kmtrip . Itotal I
.- ~o jconcrete I.Vi.to4L2.90E+041 1.40E+021 I 4.06E+061 _

-, steel tiicto4fk 9.50E+03I 8.00E+02 7.60E+061 _

- trips/yr km/trip lyr _I I
-- miscellaneous 7. 031 1.40E+021 1.00E+01 7.28E+061

I 0Total I 1.89E+07

Processing
2-2 90ffsite Truck tripsyyr total I I

-0 M glassformer/chem -- lE+01I 8.00E+021 1.95E+01 3.59E+05
4r miscellaneous I 5':20E03 1 .40E+021 1.95E+01 -142E+07

,_I.7i3 Total 1.46E+07

Offsite Rail 3;a'at Jtrips/yr km/trip yr total
glassformer/chembv-+260E02 8.0E+02_1.95E+01 4.06E+06

r42 _Total I 4.06E+06

VITRIFIED HLW TRANSPORT -
Offsite Rail . trips lkm/_ip total

IYucca Mountain < _t7.0E+02 2.93E+031 4.98E+051
- 1-35gf.rd I Total 4.98E+05

I __ _I I__ _ I_ _ _ __ _

CLOSURE
Onsite Truck Icu yd Itrip/cu yd }kr tota

ifill I 9.86E+051 1.00E-01I 1.00E+01I 9.86E+051
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Table B.10.0.

Resource Phase

Land. permanently Total
committed (hectares)
(Long-term commitment Construction/
of radiologially Operation
conaminated area) Closure

Land. incremental
temporarily committed
(hectares) (area
disturbed during
construction and
operations)

Total

Construction/
Optration

Closure

3 Resourq

No Act -

tinc Internediatt
ive Separations -7

Alternative -

17 4

0 7f8

0 1 18

0 24

/

Borrow Pit Disurbed McGee 1 NIA 21
Area (hectares) based on Ranch
an excavation depth of 3
meters Pit 30 N/A 57

Vtrnim N/A 27
Quarry

Water. Total
(cubic meters)

Water. Sanitary
(cubic mter-s)

Water. Raw
(cubic Meters)

Energy
Electricity (Gwh)

Gasoline (cubic meters)

Sanitary plus
Raw Water

Tocal

Construction

Closure

Total

Consruction

Operation -

Closure

ToM]

Construction.

Operaion -

Ctosure

Total

Construction

1.i2h+U6

NIR

N[R

1.5E+06

N/A

1J2±06

N/A

1.1E+03

N/A

. 1E+03

1.47E-.07

3.6E+06

5.0E+05

3.1E+06
6.0E+04

I.7E+07

N/R

1.07E+07
A-4 -I

IN/A

N/A

N/A
II
J4j
BcX4O&eflOlCOpet~ dl I

NIR

9.07E+03

7.E+01

9.0E+03

NIR

8.0E+03

7.6E+03

W/R

3.9E+02

Z0/ d+or

I, teto'7

S.A toI

7./C/EHo C

S.G 0 1!04

q- 3 7F-- L

s. o 7e4f a 3

- (

ft-

b. 1'7t,7

4-.q Le-i-

/.rq £E-+o

.3 3 F o

/. /A -0g 4

2. 60 P 4 o M

?h/ cOOOper""o

Closure

5A,,,t. 6-q

I

i

40



Table B.10.03 Resource S!SoAco

Resource

Diesel (ctbic meters)

Kerosene (cubic meters)

Mattrials:
Conct--
(cubic eters)

Carbon Steel
(metric tons)

Phase

ToWtl

No Acdio Eix

Alternati Incur

IAlter

2.2+04 . 0

rations
native

'In

el.Ct41

Construction N/A 2.lE+0j

Oceetnion 2.!E+ 1.02E+03 3+7. 03

Closure - N/A 6.625+04

Operation N/A .SE+04

Total

Construction

Operation

Closure

Total

Construc:ion

N/A 7.29E+05

N/A 15.4E+05

NIA 1 .7-+05

(/AT .9E+04

IE+03 1.&E+05

N/A I.07E+05

47 g-eo4.

I f f

t/. etr

1

Operation I E+03 I- 0 ISt r 60 1 74j:6 < 0 1

Closure N/R

ciamless Steel (mt onstruction A +

Hastdlloy/lsconel (rat) Construction NIR 2.3E+03

Glass Formers (mt) Operation N/A 2.94E+05

Process Chemicals (mt)

Bulk sulfur cement
sulfur (mt)
dicyclopentadine (mt)
oligocuer (mt)

Operation

Operation

N/A

N/A

'.9E+05

1.3
3.-4
3."

[on exzhange media Operation N/A 2.2
(cubic meters)

Borrow Site Silt
(cubic meters)

Borrow Site Sand and
Gravel (cubic meters)

Borrow Site Basalt
(cubic meters)

Toti -

ConMcion

Closure

Closure

N/A

N/A

NIA

N/A

-N/A

Asphalt (cubic meters) Closure N/A

5.2

0E+05
E+03
E+03

5+02

dE+05

168E+06

3.17E+0.

N/A

.3E

3.05--

S8.O7EII

- I -

-7
~~ b~ge .o4 h;,416'W

1-8_ 03 7- ,,49f

41

-06

+051

-cL

9w,

02 -_

ij.Cfo65
.1-n0 E+t"

I

Situ
eit

3 |

A

5
6
7

8
9

10

11

12

13

14
15
16
17

is
19

20
'21

22
23

24
25 -

26

%At~ ,5-91

r#3

i-Mtflt9 *.Q64o

/. 0 qJ1b 7,'c o6

C. 53 e+$oS '* 3 eyo

3.-rAc.fr< /. / f oci

/.07/I to7CroC

I.gEl

Cbosurc

-

Operation
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Table 1.10.0.7 Transsortationii Smmary by Tank Waste Allernalve
Alternative Itall Transport, Distance (kin) Truck Transport, Distance (kit) Employee Vehicle

Onsite Oite Onsie Offsilt Distance (km)

No Action N/A N/A N/A N/A 2.81+09

i.ong-Term 0 0 3.241+05 2.2813+07 2.911+09
Managciment

In Silt Fill and Cap 0 0 5.631+06 1.29r+05 7.051+08

In Siun Viirification N/A 2.30E+05 6.832+06 2.271+07 3.320+09

1x Situ intermediate N/A 4:71!+06 7391*06 S.5322+07- 2.315+09
Separations I -7; Y-oC /,60ci 0yC0) c1J43/ ,7')

fx Situ No N/A -:58p-+06- 3.93E+06 -4,23E+07' 1.061+09
Separations tjtV Py-& (17e2- /---e~~x 0

-cVitifcaloy--

rx Sit: No N/A 4-331+06 '5:930+0& 4:231407 1.06E+09
Separations 1. 76-ft"6  ' 5.i9e-17'"
(Calcination) -

Ex Situ Extensive N/A 8;34P+06 788C+06 -591E+07- 2.191+09
Separations --- r6406 t-93 t /./S6z-tio- '

Itx Silt/it Situ N/A 3611+06- 6:55E+06 2-77P-+07' 1.441+09
-Comnbinaiion .. 1..- toC 17 33 E i-o 6 5- Ile /0,.

Phased N/A 1.741+05 1.052+06 1.71E+07 4.762+08
Imup~lmentationl
(Phase 1)

Phased N/A . 2:741+06 6.30+06- -2:981+07 1.72E+09
Implementation . 4.Y' go , to g?
(Phase 2)

Notes:
N/A = Not Applicable
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Table B.10.0.7 Trausporaton Summary by Tank Waste Alternative

Alternative Rall Transport, Distance (k) Truck Transport, Distance (kin) Employee Vehicle

Onsite OfIlIe Onshle Offsie Distance (ki)

No Action N/A N/A N/A N/A 2.811:+09

.ong-Term 0 0 3.241+05 2:28E+07 2.911+09
Managecaent

In Situ Fill and Cap 0 0 5.631+06 1.291+05 7.053+08

fi Situ Vitrification N/A 2.101+05 6.831+06 2.272+07 1.322+09

£x Situ Intermediate N/A +7-1-H+06 7-79P+06 5-32C-+07- ( 2.311+09
Separations [/4.1 C I6 7./'70 e.C-/09

rx Situ No N/A 7758H+06- &93-+06 4431+07- I.062+09
Separations it 'a -,, tt-7 6--Cf ((Vitrification) 1.10

13x Situ No N/A 4_3E+O&_ __5 .9306 - --423+07 1.O62ET r
-*Separations------------- T5C+7 6 0 1 L') -3 / Z-4 0)1

(Calcination)

Ex Situ Extensive N/A -:MW6- 7v88E+06- 5 9i50 2.191+09
Separations S,56 EtO i. &4;eto&'1  5

Vx Situ/in Situ N/A c23611j6- .6.551+06+ 1.441E+09
-Combination 3-36 CtOC '3,t5~Efo_

Phased N/A 1.74E+05 1.051+06 1.711+07 4.76E+08
Implementation
(Phase 1)

Phased N/A - 741+06 16302*06- -2-981-7+07' 1.721+09
Implementation /-ato 7) - Q)(Phase 2) qcCt ~ j9 Ct

Notes:
N/A = Not Applicable
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5.10.3 Rail Traffic

Rail traffic volumes would be relatively s nalI for all EIS altematives, and small impacts
on the rail systems would be expected (Table 5.10.2). The No Action, Long-Term
Management and In Situ Fill and Cap altermatives would involvo no rail traffic. 'The in
Situ Vitrification alternative would involve only 18 rail trips per year for transporting
construction materials and chemicals used during opetations to the Site.

The Ex Situ Intermediate Separations altemative would involve an average of 200 rail
trips per year to deliver materials to the Site during construction and operations phases.
and 84 rail trips per year to transport HL$ to the nation's HLW repository. From-2019
to 2024, when both waste processing operatiors and HLW shipments are ongoing,
total rail traffic would be 284 tips per year (24 trips per month).

The EY Situ No Separations alternative (vitrification) would require 80 rail trips per year
during construction and operations and 735 rail trips per year for HLW transport to toe
HLW repository. During the 2017 to 2019 period when operations and HLW shipments
overlap, a total of 815 rail trips per year (68 rail trips per month) would be expected.
The calcination option for the No Separations alternative would involve 80 trips per year
during construction and operations, 271 HLW shipments per year to the national
repository, and a combined peak (2017 to 2019) of 351 rail trips per year (29 trips per
month).

The Ex Situ Extensive Separations altemative would involve the largest number bf rail
trips to the Site dunng construction and 6perations phases (485 tips per year), but the
smallest number of HLW shipments to the national repository (40 trips per yea). From
2020 to 2024, when both operations ari HLW shipments are ongoing, rail trips would
average 525 per year (44 per month). Tlne Ex Situ/in Situ Combination altemative
would require 100 rail trips to the Site during construction and operations and 42 HLW
rail shipments per year to the repository! From 2019 to 2024, when both operations and
HLW shipments are ongoing, rail trips would average 142 per year (12 per month).

Phased Implementation (Phase 1) would involve 20 rail shipments per year to bring
materials onto the Site, but no offsite stipments of HLW. The total Phased
lmpldmentation alternative would require 108 rail shipments per year during
construction and operations, 83 rail shidFments per year to the HLW repository, with a'
peak of 191 rail trips per year (16 rail trips per month) from 2019 to 2028 when both
operations activities and HLW shipments are ongoing.

Rail traffic volumes associated with the capsule alternatives would be minimal. The
Capsules No Action and On-Site Dispo-ai alternatives would Involve no rail traffic. The
Overpack and Ship alternative would involve 6 rail shipments of HLW per year to the
national repository in 2028 and 2029 orly. Rail trips associated with the Vitrify With
Tank Waste altemative are included In e rail tips estimated for the tank waste ex situ
alternatives.
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WHC-SD-WM-EV-100 Rev. 0

Table 9-7. Transportation in Support of Processing (Units as Indicated).

&nnral Operaton
Route location Portland/Seattle
(State mileage) (400 kilometers)

Roadtype Asphalt
(gravel or asphalt)

Number of trips per year c"
Truck 513
.Train 637

11igh-level waste trnsortatioin
Route location
(State mileage) 1,330 0

Number of overpack canisters 125 (4)

Number of total trips by train 10 4

Notes:

'Based on yearly loads of glass formers and other cold chemicals. Resins are transported by truck.

'Trains consist of 130-ton railcars with 20 cars per train.

'Mileage based on travel from Hanford to Yucca Mountain per Table 3-7 (TRW 1995).

Information provided by Hanford Railroad - Transportation.

'Based on 4 canisters placed in a Hanford overpack canister.

'Based on the transportation of 10 multi-purpose canisters by 10 railcars per week from Hanford to
fiire repository.

For additional information, see Appendix F, and also Jansen, G., 1995, Bacp Informationfor
Data able in Xensinw Separations Akernarive Engineering Data Package,
WHC-SD-WM-DP-129, Rev. 0, Westinghouse Hanford Company, Richland, Washington. -

TRW, 1995, Assessment of Pre-Closure Systen Cst and Health and Safety Impacts of Hanford
Bigh-Lewl Waste Vin jicatin Options on the Civilian Radioactive Waste Management System
A00000000-01717-5707-00003, Rev. 0, TRW Environmental Safety Systems, Inc., Vienna, Virginia.
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To Marc Nelson
From Alex Nazarali
Date June 21, 1996
Subject Cumulative Risk to the Columbia River User Local Population over 10,000 Years

The cumulative risk to the Columbia River user in the TWRS Draft EIS (Appendix D, Table
D.5.14.3 and Volume One, Table 5.11.6) was calculated based on the unit dose factors generated
by the DITTY computer code and published in Appendix F of the Disposal of Hanford Defense
High-Level, Transuranic, and Tank Wastes Final Environmental Impact Statement (HDW-EIS).

The DITTY code has undergone significant modifications since the HDW-EIS was published.
The new version of the DITTY code uses ICRP Publications 26 and 30 (ICRP 1977; ICRP 1979)
instead of ICRP Publication 2 (ICRP 1959).

The new version of the DITTY code was run to estimate the cumulative dose for the TWRS
Final EIS. The input/output of the DITTY code for each alternative and the new table that
summarizes the cumulative dose and risk to the Columbia River users over 10,000 years are
enclosed. The enclosed table will replace Tables D.5.14.3 and 5.11.6.

Note: The Ftrans.dat file in the DITTY code, which is the PNL food transport factors library was
modified by Alex Nazarali on 6/16/96 for the new runs. In this modification, the leaching factors
for neptunium and uranium changed from 3.3E-03 and 1.3E-03 respectively to 0.8. This change
makes the leaching factors of neptunium and uranium consistent with carbon, iodine, and
technetium. These five constituents are transported from the tanks to the receptors with the same
transport properties. The leaching factors were different in the DITTY code, which should be the
same for our analysis.



Table D.5.14.3 Estimated Fatality, Population Dose (person-rem), and Maximum Incremental
Dose (mrem) for the Columbia River User over 10,000 Years for all Alternatives

Alternative Total Fatality Cumulative Maximum
in 10,000 years Population Incremental Dose

Dose' in mrem
(Person-rem) (Year Received)

No Action 2.7 5460 0.82 (2900)

Long-Term Management 2.2 4400 0.75 (2830)

In Situ Fill and Cap 25.4 50800 0.15 (12000)

In Situ Vitrification .OOE-06 0.002 0

Ex Situ Intermediate Separation 0.5 896 0.005 (9060)

Ex Situ No Separation 0.5 896 0.005 (9060)

Ex Situ Extensive Separation 0.5 896 0.005 (9060)

Ex Situ/In Situ Combination 2.2 4420 0.02 (12000)

Phased Implementation 0.5 896 0.005 (9060)

The ICRP Publication 60 dose to risk conversion factor of 5.OE-04 cancer fatality per rem
is used.



DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
5

C 14
1129
NP237
Td99
U 238
&INPUT IWAT=1, IPATH=2, LUW=1, IPOPL=2,
CFLO=120000.,
RM=1.0, TZ=1990., TZR=0.,
PLi(1)=294830.,391538.,431210.,469891.,1273208.,4932964.,
TL(1)=1990., 2100.,2200.,2300.,2990.,11900.,
NTL=6,
USAGE(1)=0.3,0.,0.,0.,438.,17.,17.,
CONSUM(1)=15.,276.,20.,230.,40.,30.,8.5,
EXTIM=2920.,MOPYR=6, RIRR=150.,
GRWP(1)=90.,90.,90.,30.,3*90.,
YELD(1)=1.5,4.,0.84,1.3,3*0.84,
&END

5
C 14 5
1990. 0.0
2219. 0.0
2220. 8.0125
2845. 8.0125
2846. 0.0
1129 5
1990. 0.0
2219. 0.0
2220. 0.0256
2845. 0.0256
2846. 0.0
NP237 5
1990. 0.0
2219. 0.0
2220. 0.106
2845. 0.106
2846. 0.0
TC99 5
1990. 0.0
2219. 0.0
2220. 49.68
2845. 49.68
2846. 0.0
U238 5



1990. 0.0
2219. 0.0
2220. 0.7696
2845. 0.7696
2846. 0.0



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 1

- DATA LIBRARIES USED ------------------------ (File)--

Master Radionuclide Data: (2)
Radionuclide Master Library - Long Times (23-July-93 PDR)

Food Concentration Ratios: (8)
PNL Food Transfer Factor Library (by Z, Changed NP&U LF 6/18/96 AMN)

Fresh Water Bioaccumulation Factors: (9)
Bioaccumulation Factor Library - (30-Aug-88) RAP

External Exposure D.F.'s: (10)
External Dose Factors for GENII in person Sv/yr per Bq/X (8-May-90 RAP)

Inhalation/Ingestion D.F.'s: (30)
Worst-Case Solubilities, DITTY Internal Dose Factors (Sv/Bq) (23-Jul-93 PDR)

Waterborne Release Data: (31)
DITTY.IN

- MASTER RADIONUCLIDE CONTROL LIST -----------------------
C 14 TC99 1129 U 238 TH234 PA234 NP237
PA233

- TERRESTRIAL/AQUATIC PATHWAY DATA FOR AN AVERAGE INDIVIDUAL

Growing
Pathway Period Yield Consumption Pathway Usage

(days) (kg/m2) (kg/yr) (kg or hr/yr)

LEAFY VEG 9.OE+01 1.5E+00 1.5E+01 FISH 3.0E-01
OTHER VEG 9.OE+01 4.OE+00 2.8E+02 CRUSTACEA 0.OE+00
EGGS 9.OE+01 8.4E-01 2.OE+01 MOLLUSES 0.OE+00
MILK 3.OE+01 1.3E+00 2.3E+02 PLANTS 0.OE+00
BEEF 9.OE+01 8.4E-01 4.0E+01 DRINKING WATER 4.4E+02
PORK 9.OE+01 8.4E-01 3.OE+01 SEDIMENT EXPOSU 1.7E+01
POULTRY 9.OE+01 8AE-01 8.5E+00 : SWIMMING TIME 1.7E+01



External Exposure Time: 2.92E+03 hr/yr

-- LIQUID RELEASE PARAMETERS -

River Flow Rate, (ft3/sec): 1.2E+05
Reconcentration Ratio : .OE+00
Mixing Ratio : .OE+00

Input Prepared By:

Input Checked By:

Months/Year Irrigated: 6.OE+00
Irrigation Rate

(liters/m2/month) : 1.5E+02

Date:.

Date:



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 2

-- WATER RELEASE OF EACH RADIONCLIDE PER 70-YR PERIOD (Ci) ------

Radio- Period/ Period/ Period/ Period/ Period/
nuclide Activity Activity Activity Activity Activity

C 14 4 6.3E-01 5 8.8E-01 6 8.8E-01 7 8.8E-01 8 8.8E-01
9 8.8E-01 10 8.SE-01 11 8.8E-01 12 8.8E-01 13 2.0E-01

TC99 4 4.9E+02 5 6.8E+02 6 6.8E+02 7 6.8E+02 8 6.8E+02
9 6.8E+02 10 6.8E+02 11 6.8E+02 12 6.8E+02 13 1.5E+02

1129 4 1.3E+00 5 1.8E+00 6 1.8E+00 7 1.8E+00 8 1.8E+00
9 1.8E+00 10 l.8E+00 11 1.8E+00 12 1.8E+00 13 4.OE-01

U 238 4 3.9E+01 5 5.4E+01 6 5.4E+01 7 5.4E+01 8 5.4E+01
9 5.4E+01 10 5.4E+01 11 5.4E+01 12 5.4E+01 13 1.2E+01

NP237 4 5.4E+00 5 7.4E+00 6 7.4E+00 7 7.4E+00 8 7.4E+00
9 7.4E+00 10 7.4E+00 11 7.4E+00 12 7.4E+00 13 1.6E+00



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 3

-- POPULATION DATA -----------------------------

Population for Chronic Waterborne Release at the following Times A.D.:

Time Population

1990. 2.9E+05
2100. 3.9E+05
2200. 4.3E+05
2300. 4.7E+05
2990. 1.3E+06
11900. 4.9E+06



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 4

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

until until
5 2270. 2.63E+02
6 2340. 6.52E+02
7 2410. 1.11E+03
8 2480. 1.63E+03
9 2550. 2.22E+03
10 2620. 2.88E+03
11 2690. 3.60E+03
12 2760. 4.39E+03
13 2830. 5.25E+03
14 2900. 5.46E+03

until until
144 12000. 5.46E+03

Dose in units of person-rem;
that is the cumulative population dose received by the local population
over 10,000 years with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 5

Cumulative Population Dose Equivalent by Radionuclide

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14
TC 99
1 129
U 238
TH 234
PA 234
NP 237
PA 233

1.1E+00
1.5E+03

9.2E+0 1
6.6E+02
6.9E-02
2.3E-04
3.2E+03
3.2E-02

5.0E-05
9.3E-04

2.9E-04
1.4E-04
9.OE-02
1.4E-02
1.6E-02

3.8E-01

L.IE+00
1.5E+03

9.2E+01
6.6E+02
1.6E-01
1.4E-02
3.2E+03

4.1E-01

0
27
1
12
0
0
58
0

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 6

Maximum Dose Increment Received By Population
In Year 2900 (70-yr Time Period Number No: 13)

Weighted
Cumulative Cumulative

Dose Weighting Dose
Organ Equivalent Factors Equivalent

Gonads 1.1E+02 2.5E-01 2.7E+01
Breast 2.9E+01 1.5E-01 4.3E+00
R Marrow 1.OE+03 1.2E-01 1.3E+02
Lung 2.9E+01 1.2E-01 3.5E+00
Thyroid 1.1E+03 3.OE-02 3.3E+01
Bone Sur 1.3E+04 3.OE-02 3.8E+02
Stomach 2.7E+03 6.0E-02 1.6E+02
Kidneys 6.9E+02 6.OE-02 4.1E+01
LL Int. 5.5E+02 6.OE-02 3.3E+01
Liver 5.3E+02 6.OE-02 3.2E+01
UL Int. 2.OE+02 6.OE-02 1.2E+01

Cumulative Effective Dose Equivalent 8.6E+02
External Dose 7.9E-02

Lifetime Effective Cumulative
Dose Equivalent 8.6E+02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 7

Maximum Dose Increment Received By Individual (rem)
In Year 2900 (70-yr Time Period Number No: 13)

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 1.6E-07 7.5E-12 1.6E-07 0
TC 99 2.3E-04 1.4E-10 2.3E-04 27
I 129 1.AE-05 4AE-11 1.4E-05 I
U 238 9.9E-05 2.OE-1 1 9.9E-05 12
TH 234 1.OE-08 1.4E-08 2.4E-08 0
PA 234 3.5E-I1 2.1E-09 2.1E09 0
NP 237 4.8E-04 2AE-09 4.8E-04 58
PA 233 4.8E-09 5.7E-08 6.2E-08 0

-------- -- ---- ---- ----- -----



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 8

Population Internal Dose To Organ by Radionuclide
In Year 2900 (70-yr Time Period Number No: 13)

Radionuclide .Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

C 14 1.8E-01 1.8E-01 1.8E-01 1.8E-01 1.8E-01 2.2E-01 2.2E-01 1.8E-01
TC 99 2.5E+01 2.7E+03 4.9E+01 1.6E+02 4.4E+02 2.9E+01 2.9E+01 2.5E+01
1 129 3.2E-02 4.5E-02 2.8E-02 2.8E-02 2.8E-02 3.8E-02 4.2E-02 2.6E-02
U 238 4.OE+00 5.4E+00 7.8E+00 2.7E+01 7.8E+01 1.4E+03 9.3E+01 3.7E+00
TH 234 8.0E-05 3.OE-03 7.2E-03 4.3E-02 1.3E-01 6.OE-05 5.1E-05 6.8E-06
PA 234 9.4E-07 4.6E-05 9.4E-05 2.OE-04 1.6E-04 1.7E-06 4.8E-06 1.4E-06
NP 237 7.OE-02 6.5E-01 1.6E+00 8.5E+00 2.6E+01 1.1-E+04 9.2E+02 7.8E+01
PA 233 2.2E-05 1.5E-03 4.1E-03 1.8E-02 5.3E-02 5.1E-04 3.6E-04 1.1E-04

Total internal 2.9E+01 2.7E+03 5.8E+01 2.OE+02 5.5E+02 1.3E+04 1.OE+03 1.IE+02

Radionuclide Ovaries Muscle Thyroid Kidneys Liver

C 14 1.8E-01 1.8E-01 1.8E-01 0.0E+00 0.OE+00
TC 99 2.5E+01 2.5E+01 6.2E+02 0.0E+00 3.4E+01
1 129 2.8E-02 6.7E-02 4.8E+02 0.0E+00 0.0E+00
U 238 3.9E+00 3.7E+00 3.9E+00 6.9E+02 0.0E+00
TH 234 8.5E-05 9.8E-06 8.7E-07 0.0E+00 1.2E-05
PA 234 2.0E-05 3.1E-06 1.1-07 5.1&06 3.7E-06
NP 237 7.8E+01 6.2E-02 4.6E-02 0.0E+00 5.0E+02
PA 233 1.3E-03 1.4E-04 2.6E-06 1.8E-04 1.2E-04

Total internal 1.1E+02 2.9E+01 1.1E+03 6.9E+02 5.3E+02

Population Air Submersion and External Incremental Dose by Radionuclide
In Year 2900 (70-yr Time Period Number No: 13)



Air
Submer- Exter-

Radionuclide sion nal

C 14 9.9E-12 7.9E-06
TC 99 1.2E-10 1.5E-04
I 129 7.5E-11 4.6E-05
U 238 3.5E-11 2.1E-05
TH 234 5.6E-09 1.4E-02
PA 234 8.OE-10 2.2E-03
NP 237 4.9E-10 2.5E-03
PA 233 7.9E-09 6.OE-02

Tot 1 external 1.5E-08 7.9E-02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 9

Population Internal Dose To Organ by Exposure Pathway

In Year 2900 (70-yr Time Period Number No: 13)

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

Inhalation 2.8E-01 8.0E-05 1.3E-05 3.4E-05 8.4E-05 4.6E-01 3.6E-02 3.4E-03
Ingestion (Terr) 2.7E+01 2.7E+03 5.3E+01 1.8E+02 4.9E+02 5.8E+03'4.8E+02 6.OE+01
Ingestion (Aqua) 2.1E-01 2.OE+00 9.OE-0l 4.1E +00 1.2E+01 4.6E+03 3.8E+02 3.2E+01
Drinking Water 1.8E+00 5.3E+01 3.9E+00 1.4E+01 4.OE+01 2.4E+03 1.9E+02 1.5E+01

Total internal 2.9E+01 2.7E+03 5.8E+01 2.0E+02 5.5E+02 1.3E+04 1.0E+03 1.1E+02

Pathway Ovaries Muscle Thyroid Kidneys Liver

Inhalation 3.4E-03 9.6E-06 8.1E-05 4.7E-04 2.0E-02
Ingestion (Terr) 6.0E+01 2.7E+01 1.0E+03 4.4E+02 2.5E+02
Ingestion (Aqua) 3.2E+1201 2.IE-01 9.6E-01 1.2E+01 2.OE+02
Drinking Water 1.5E+01 1.8E+00 6.2E+01 2.4E+02 8.3E+01

Total internal 1.1E+02 2.9E+01 1.1E+03 6.9E+02 5.3E+02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
5

C 14
1129
NP237
TC99
U 238
&INPUT IWAT=1, IPATH=2, LUW=1, IPOPL=2,
CFLO=120000.,
RM=1.0, TZ=1990., TZR=0.,
PL (1)=294830.,391538.,431210.,469891.,1273208.,4932964.,
TL(1)=1990., 2100.,2200.,2300.,2990.,11900.,
NTL=6,
USAGE(1)=0.3,0.,0.,0.,438.,17.,17.,
CONSUM(1)=15.,276.,20.,230.,40.,30.,8.5,
EXTIM=2920.,MOPYR=6, RIRR=150.,
GRWP(1)=90.,90.,90.,30.,3*90.,
YELD(1)=1.5,4.,0.84,1.3,3*0.84,

&END
5

C 14 5
1990. 0.0
2219. 0.0
2220. 8.7092
2795. 8.7092
2796. 0.0
1129 5
1990. 0.0
2219. 0.0
2220. 0.0278
2795. 0.0278
2796. 0.0
NP237 5
1990. 0.0
2219. 0.0
2220. 0.1151
2795. 0.1151
2796. 0.0
TC99 5
1990. 0.0
2219. 0.0
2220. 54.00
2795. 54.00
2796. 0.0
U 238 5



1990. 0.0
2219. 0.0
2220. 0.8365
2795. 0.8365
2796. 0.0



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 1

- DATA LIBRARIES USED ------------------------- (File)--

Master Radionuclide Data: (2)
Radionuclide Master Library - Long Times (23-July-93 PDR)

Food Concentration Ratios: (8)
PNL Food Transfer Factor Library (by Z, Changed NP&U LF 6/18/96 AMN)

Fresh Water Bioaccumulation Factors: (9)
Bioaccumulation Factor Library - (30-Aug-88) RAP

External Exposure D.F.'s: (10)
External Dose Factors for GENII in person Sv/yr per Bq/X (8-May-90 RAP)

Inhalation/Ingestion D.F.'s: (30)
Worst-Case Solubilities, DITTY Internal Dose Factors (Sv/Bq) (23-Jul-93 PDR)

Waterborne Release Data: (31)
DITTY.IN

- MASTER RADIONUCLIDE CONTROL LIST -----------------------
C 14 TC99 1129 U 238 TH234 PA234 NP237
PA233

- TERRESTRIAL/AQUATIC PATHWAY DATA FOR AN AVERAGE INDIVIDUAL

Growing
Pathway Period Yield Consumption Pathway Usage

(days) (kg/m2) (kg/yr) (kg or hr/yr)

LEAFY VEG 9.OE+01 1.5E+00 1.5E+01 FISH 3.OE-01
OTHER VEG 9.OE+01 4.OE+00 2.8E+02 CRUSTACEA 0.OE+00
EGGS 9.OE+01 8.4E-01 2.OE+01 MOLLUSES 0.OE+00
MILK 3.OE+01 1.3E+00 2.3E+02 PLANTS 0.OE+00
BEEF 9.OE+01 8.4E-01 4.OE+01 DRINKING WATER 4.4E+02
PORK 9.OE+01 8.4E-01 3.OE+01 SEDIMENT EXPOSU 1.7E+01
POULTRY 9.OE+01 8.4E-01 8.5E+00 SWIMMING TIME 1.7E+01



External Exposure Time: 2.92E+03 hr/yr

---- LIQUID RELEASE PARAMETERS -------------------------------

River Flow Rate, (ft3/sec): 1.2E+05 Months/Year Irrigated: 6.OE+00
Reconcentration Ratio : 1.OE+00 Irrigation Rate
Mixing Ratio

Input Prepared By:

Input Checked By:

: 1.0E+00 (liters/m2/month) : 1.5E+02

Date:

Date:



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Tenn Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 2

-- WATER RELEASE OF EACH RADIONCLIDE PER 70-YR PERIOD (Ci) -------

Radio- Period/
nuclide Activity

Period/
Activity

Period/
Activity

Period/
Activity

Period/
Activity

C 14 4 3.6E+01 5 5.OE+01 6 5.OE+01 7 5.OE+01 8 5.OE+01
9 5.OE+01 10 5.OE+01 11 5.OE+01 12 2.5E+01

TC99 4 2.OE+02 5 2.8E+02 6 2.8E+02 7 2.8E+02 8 2.8E+02
9 2.8E+02 10 2.8E+02 11 2.8E+02 12 1.4E+02

1129 4 1.4E+00 5 1.9E+00 6 1.9E+00 7 1.9E+00 8 1.9E+00
9 1.9E+00 10 1.9E+00 11 1.9E+00 12 9.9E-01

U 238 4 4.2E+01 5 5.9E+01 6 5.9E+01 7 5.9E+01 8 5.9E+01
9 5.9E+01 10 5.9E+01 11 5.9E+01 12 3.OE+01

NP237 4 5.8E+00 5 8.JE+00 6 8.1E+00 7 8.1E+00 8 8.lE+00
9 8.IE+00 10 8.1E+00 11 8.IE+00 12 4.IE+00



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 3

-- POPULATION DATA -----------------------------

Population for Chronic Waterborne Release at the following Times A.D.:

Time Population

1990. 2.9E+05
2100. 3.9E+05
2200. 4.3E+05
2300. 4.7E+05
2990. 1.3E+06
11900. 4.9E+06



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 4

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

until until
5 2270. 2.39E+02
6 2340. 5.94E+02
7 2410. 1.01E+03
8 2480. 1.49E+03
9 2550. 2.02E+03
10 2620. 2.62E+03
11 2690. 3.28E+03
12 2760. 4.00E+03
13 2830. 4.40E+03

until until
144 12000. (::4:40E+03

Dose in units of person-rem;
that is the cumulative population dose received by the local population
over 10,000 years with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 5

Cumulative Population Dose Equivalent by Radionuclide

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 5.5E+01 2.5E-03 5.5E+01 1
TC 99 5.6E+02 3.4E-04 5.6E+02 12
1 129 8.8E+01 2.8E-04 8.8E+01 2
U 238 6.3E+02 l.3E-04 6.3E+02 14
TH 234 6.7E-02 8.7E-02 1.5E-01 0
PA 234 2.2E-04 1.3E-02 1.4E-02 0
NP 237 3.1E+03 1.5E-02 3.1E+03 69
PA 233 3.1E-02 3.6E-01 4.0E-01 0

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 6

Maximum Dose Increment Received By Population
In Year 2830 (70-yr Time Period Number No: 12)

Weighted
Cumulative Cumulative

Dose Weighting Dose
Organ Equivalent Factors Equivalent

Gonads L.0E+02 2.5E-01 2.5E+01
Breast 2.3E+01 1.5E-01 3.4E+00
R Marrow 1.OE+03 1.2E-01 1.2E+02
Lung 2.3E+01 1.2E-01 2.7E+00
Thyroid 7.3E+02 3.OE-02 2.2E+01
Bone Sur 1.3E+04 3.OE-02 3.8E+02
Stomach 1.OE+03 6.OE-02 6.3E+01
Kidneys 6.9E+02 6.OE-02 4.IE+01
Liver 5.1E+02 6.OE-02 3.1E+01
LL Int. 2.8E+02 6.OE-02 1.7E+01
UL Int. 1.IE+02 6.OE-02 6.4E+00

Cumulative Effective Dose Equivalent 7.2E+02
External Dose 7.9E-02

Lifetime Effective Cumulative
Dose Equivalent 7.2E+02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 7

Maximum Dose Increment Received By Individual (rem)
In Year 2830 (70-yr Time Period Number No: 12)

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 9.3E-06 4.3E-10 9.3E-06 1
TC 99 9.5E-05 5.8E-11 9.5E-05 12
1 129 1.5E-05 4.7E-11 1.5E-05 2
U 238 1.1E-04 2.2E-11 1.1E-04 14
TH 234 1.1E-08 1.513-08 2.613-08 0
PA 234 3.8E-11 2.3E-09 2.3E-09 0
NP 237 5.2E-04 2.6E-09 5.213-04 69
PA 233 5.2E-09 6.2E-08 6.713-08



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 8

Population Internal Dose To Organ by Radionuclide
In Year 2830 (70-yr Time Period Number No: 12)

Radionuclide Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

C 14 9.2E+00 9.2E+00 9.2E+00 9.2E+00 9.2E+00 1.IE+01 1.1E+01 9.2E+00
TC 99 9.5E+00 1.OE+03 1.9E+01 6.2E+01 1.7E+02 1.IE+01 1.lE+01 9.5E+00
1 129 3.2E-02 4.5E-02 2.8E-02 2.8E-02 2.8E-02 3.9E-02 4.2E-02 2.6E-02
U 238 4.OE+00 5.4E+00 7.9E+00 2.7E+01 7.9E+01 1.4E+03 9.3E+01 3.7E+00
TH 234 8.E-05 3.OE-03 7.3E-03 4.3E-02 1.3E-01 6.OE-05 5.1E-05 6.8E-06
PA 234 9.4E-07 4.6E-05 9.4E-05 2.OE-04 1.6E-04 1.7E-06 4.9E-06 1.4E-06
NP 237 7.OE-02 6.5E-01 1.6E+00 8.5E+00 2.6E+01 1.1E+04 9.2E+02 7.8E+01
PA 233 2.2E-05 1.5E-03 4.1E-03 1.8E-02 5.3E-02 5.1E-04 3.6E-04 1.1E-04

Total internal 2.3E+01 1.OE+03 3.7E+0l 1.1E+02 2.8E+02 1.3E+04 1.0E+03 1.0E+02

Radionuclide Ovaries Muscle Thyroid Kidneys Liver

C 14 9.2E+00 9.2E+00 9.2E+00 0.OE+00 0.OE+00
TC 99 9.5E+00 9.5E+00 2.4E+02 0.OE+00 1.3E+01
1 129 2.8E-02 6.7E-02 4.8E+02 0.0E+00 0.OE+00
U 238 3.9E+00 3.7E+00 3.9E+00 6.9E+02 0.OE+00
TH 234 8.5E-05 9.8E-06 8.7E-07 0.OE+00 1.2E-05
PA 234 2.0E-05 3.1E-06 1.IE-07 5.1E-06 3.7E-06
NP 237 7.8E+01 6.3E-02 4.6E-02 0.OE+00 5.OE+02
PA 233 1.3E-03 1.4E-04 2.6E-06 1.8E-04 1.2E-04

Total internal 1.OE+02 2.3E+01 7.3E+02 6.9E+02 5.IE+02

Population Air Submersion and External Incremental Dose by Radionuclide
In Year 2830 (70-yr Time Period Number No: 12)



Air
Submer- Exter-

Radionuclide sion nal

C 14
TC 99
1 129
U 238
TH 234
PA 234
NP 237
PA 233

5.2E-10 4.1E-04
4.6E-11 5.6E-05

7.5E-1 1 4.6E-05
3.5E-11 2.1E-05
5.6E-09 1.4E-02
8.OE-10 2.2E-03
4.9E-10 2.5E-03
8.OE-09 6.OE-02

Total external 1.6E-08 7.9E-02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 9
--------------------------------------------------------

Population Internal Dose To Organ by Exposure Pathway

In Year 2830 (70-yr Time Period Number No: 12)

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes
-------------------------- ------- --- --- ------- -------

Inhalation 2.8E-01 2.1E-04 1.9E-04 2.1E-04 2.5E-04 4.6E-01 3.6E-02 3.5E-03
Ingestion (Terr) 1.5E+01 1.OE+03 2.7E+01 8.5E+01 2.3E+02 5.8E+03 4.7E+02 4.8E+01
Ingestion (Aqua) 5.8E+00 6.6E+00 6.4E+00 9.6E+00 1.8E+01 4.6E+03 3.8E+02 3.7E+01
Drinking Water 1.9E+00 2.2E+0l 3.8E+00 1.2E+01 3.5E+0I 2.4E+03 1.9E+02 1.5E+0I
-------- -- --- --- ------ ------- ------- ------- -------

Total internal 2.3E+01 1.OE+03 3.7E+0l 1.1E+02 2.8E+02 1.3E+04 1.OE+03 1.OE+02

Pathway Ovaries Muscle Thyroid Kidneys Liver

Inhalation 3.5E-03 1.8E-04 2.4E-04 4.7E-04 2.OE-02
Ingestion (Terr) 4.9E+01 1.5E+01 6.7E+02 4 4E+02 2.3E+02
Ingestion (Aqua) 3.7E+01 5.8E+00 6.3E+00 1.2E+01 2.OE+02
Drinking Water 1.5E+01 1.9E+00 5.5E+01 2.4E+02 8.3E+01

Total internal 1.OE+02 2.3E+01 7.3E+02 6.9E+02 5.1E+02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
5

C 14
1129
NP237
TC99
U 238
&INPUT IWAT=1, IPATH=2, LUW=1, IPOPL=2,
CFLO=120000.,
RM=1.0, TZ=1990., TZR=0.,
PL1(1)=294830.,391538.,431210.,469891.,1273208.,4932964.,
TL(1)=1990., 2100.,2200.,2300.,2990.,11900.,
NTL=6,
USAGE(1)=0.3,0.,0.,0.,438.,17.,17.,
CONSUM(1)=15.,276.,20.,230.,40.,30.,8.5,
EXTIM=2920.,MOPYR=6, RIRR=150.,
GRWP(1)=90.,90.,90.,30.,3*90.,
YELD(1)=1.5,4.,0.84,1.3,3*0.84,

&END
5

C14 5
1990. 0.0
4994. 0.0
4995. 0.3518
11995. 0.3518
11996. 0.0
1129 5
1990. 0.0
4994. 0.0
4995. 0.0021
11995. 0.0021
11996. 0.0
NP237 5
1990. 0.0
4994. 0.0
4995. 0.0085
11995. 0.0085
11996. 0.0
TC99 5
1990. 0.0
4994. 0.0
4995. 3.929
11995. 3.929
11996. 0.0
U 238 5



1990.
4994.
4995.
11995.
11996.

0.0
0.0
0.0619
0.0619
0.0



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 1
-------------------------------------------------------

-- DATA LIBRARIES USED ------------------------ (File)--

Master Radionuclide Data: (2)
Radionuclide Master Library - Long Times (23-July-93 PDR)

Food Concentration Ratios: (8)
PNL Food Transfer Factor Library (by Z, Changed NP&U LF 6/18/96 AMN)

Fresh Water Bioaccumulation Factors: (9)
Bioaccumulation Factor Library - (30-Aug-88) RAP

External Exposure D.F.'s: (10)
External Dose Factors for GENII in person Sv/yr per Bq/X (8-May-90 RAP)

Inhalation/Ingestion D.F.'s: (30)
Worst-Case Solubilities, DITTY Internal Dose Factors (Sv/Bq) (23-Jul-93 PDR)

Waterborne Release Data: (31)
DITTY.IN

- MASTER RADIONUCLIDE CONTROL LIST -----------------------
C 14 TC99 1129 U 238 TH234 PA234 NP237
PA233

- TERRESTRIAL/AQUATIC PATHWAY DATA FOR AN AVERAGE INDIVIDUAL

Growing
Pathway Period Yield Consumption Pathway Usage

(days) (kg/m2) (kg/yr) (kg or hr/yr)

LEAFY VEG 9.OE+01 1.5E+00 1.5E+01 FISH 3.OE-01
OTHER VEG 9.OE+01 4.OE+00 2.8E+02 CRUSTACEA 0.OE+00
EGGS 9.OE+01 8.4E-01 2.OE+01 MOLLUSES 0.OE+00
MILK 3.0E+01 1.3E+00 2.3E+02 PLANTS 0.OE+00
BEEF 9.0E+01 8.4E-01 4.OE+01 DRINKING WATER 4.4E+02
PORK 9.OE+01 8.4E-01 3.OE+01 SEDIMENT EXPOSU 1.7E+01
POULTRY 9.0E+01 8.4E-01 8.5E+00 SWIMMING TIME 1.7E+01



External Exposure Time: 2.92E+03 hr/yr

--- LIQUID RELEASE PARAMETERS ----------------------------------

River Flow Rate, (ft3/sec): 1.2E+05
Reconcentration Ratio : 1.OE+00
Mixing Ratio : 1.0E+00

Input Prepared By:

Input Checked By:

Months/Year Irrigated: 6.OE+00
Irrigation Rate

(liters/m2/month) : 1.5E+02

Date:

Date:



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 2

- WATER RELEASE OF EACH RADIONCLIDE PER 70-YR PERIOD (Ci) ---

Radio-
nuclide

Period/
Activity

Period/
Activity

Period/
Activity

Period/ Period/
Activity Activity

C 14 43 1.9E+00 44 2.5E+01 45 2.5E+01 46 2.5E+01 47 2.5E+01
48
53
58
63
68
73
78
83
88

2.5E+0 1
2.5E+I01
2.5E+0 1
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01

49
54
59
64
69
74
79
84
89

2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01

50
55
60
65
70
75
80
85
90

2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01

93 .5E+01 94 2.5E+01 95 2.5E+01
98
103
108
113
118
123
128
133
138

2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+I01
2.5E+0 1
2.5E+01
2.5E+01
2.5E+01

51 2.5E+01
56 2.5E+01
61 2.5E+01
66 2.5E+01
71 2.5E+01
76 2.5E+01
81 2.5E+01
86 2.5E+01
91 2.5E+01

96 2.5E+01

52 2.5E+01
57 2.5E+01
62 2.5E+01
67 2.5E+01
72 2.5E+01
77 2.5E+01
82 2.5E+01
87 2.5E+01
92 2.5E+01
97 2.5E+01

99 2.5E+01 100 2.5E+01 101 2.5E+01 102 2.5E+01
104
109
114
119
124
129
134
139

2.5E+01
2.5E+01
2.5E+0 1
2.5E+01
2.5E+0 1
2.5E+01
2.5E+01
2.5E+01

105
110
115
120
125
130
135
140

2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01

106
ill
116
121
126
131
136
141

2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01

107
112
117
122
127
132
137
142

2.5E+01
2.5E+0 1
2.5E+0 1
2.5E+0 1
2.5E+01
2.5E+01
2.5E+01
2.5E+01

143 2.3E+01
TC99 43 2.2E+01 44 2.8E+02 45 2.8E+02 46 2.8E+02 47 2.8E+02

48
53
58
63
68
73
78
83

2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02

49
54
59
64
69
74
79
84

2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02

50
55
60
65
70
75
80
85

2.8E+02
2.8E+02
2.8E+02
2.8E+02
2. 8E+02
2.8E+02
2.8E+02
2.8E+02

51
56
61
66
71
76
81
86

2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02

52
57
62
67
72
77
82
87

2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02



2.8E+02 89.2.8E+02 90
2.8E+02 94 2.8E+02 95
2.8E+02 99 2.8E+02 100

88
93
98

103
108
113
118
123
128
133
138
143

2.8E+02 105
2.8E+02 110
2.8E+02 115
2.8E+02 120
2.8E+02 125
2.8E+02 130
2.8E+02 135
2.8E+02 140

1129 43 1.2E-02 44 1.5E-0
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01

49
54
59
64
69
74
79
84
89
94
99
104
109
114
119
124
129
134
139

1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01

1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01

2.8E+02 91 2.8E+02 92 2.8E+02
2.8E+02 96 2.8E+02 97 2.8E+02
2.8E+02 101 2.8E+02 102 2.8E+02

2.8E+02 106
2.8E+02 111
2.8E+02 116
2.8E+02 121
2.8E+02 126
2.8E+02 131
2.8E+02 136
2.8E+02 141

2.8E+02 107
2.8E+02 112
2.8E+02 117
2.8E+02 122
2.8E+02 127
2.8E+02 132
2.8E+02 137
2.8E+02 142

2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02

1 45 1.5E-01 46 1.5E-01 47 1.5E-01
50 1.5E-01 51 1.5E-01 52 1.5E-01
55 1.5E-01 56 1.5E-01 57 1.5E-01
60 1.5E-01 61 1.5E-01 62 1.5E-01
65 1.5E-01 66 1.5E-01 67 1.5E-01
70 1.5E-01 71 1.5E-01 72 1.5E-01
75 1.5E-01 76 1.5E-01 77 1.5E-01
80 1.5E-01 81 1.5E-01 82 1.5E-01
85 1.5E-01 86 1.5E-01 87 1.5E-01
90 1.5E-01 91 1.5E-01 92 1.5E-01
95 1.5E-01 96 1.5E-01 97 1.5E-01
100 1.5E-01 101 1.5E-01 102 1.5E-01
105
110
115
120
125
130
135
140

1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01

106
111
116
121
126
131
136
141

1.5E-01 107
1.5E-01 112
1.5E-01 117
1.5E-01 122
1.5E-01 127
1.5E-01 132
1.5E-01 137
1.5E-01 142

1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01

143 1.4E-01
U 238 43 3.4E-01 44 4.3E+00 45 4.3E+00 46 4.3E+00 47 4.3E+00

4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00

49
54
59
64
69
74
79
84
89
94
99

4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00

50
55
60
65
70
75
80
85
90
95

4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00

51
56
61
66
71
76
81
86
91
96

4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00

52
57
62
67
72
77
82
87
92
97

4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00

100 4.3E+00 101 4.3E+00 102 4.3E+00

2.8E+02 104
2.8E+02 109
2.8E+02 114
2.8E+02 119
2.8E+02 124
2.8E+02 129
2.8E+02 134
2.8E+02 139
2.6E+02

48
53
58
63
68
73
78
83
88
93
98
103
108
113
118
123
128
133
138

48
53
58
63
68
73
78
83
88
93
98



4.3E+00 104 4.3E+00 105
4.3E+00 109 4.3E+00 110
4.3E+00 114 4.3E+00 115
4.3E+00 119 4.3E+00 120
4.3E+00 124 4.3E+00 125
4.3E+00 129 4.3E+00 130
4.3E+00 134 4.3E+00 135
4.3E+00 139 4.3E+00 140

103
108
113
118
123
128
133
138
143

NP237
48
53
58
63
68
73
78
83
88
93
98
103
108
113
118
123
128
133
138
143

6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
5.6E-01

104
109
114
119
124
129
134
139

4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00

106 4.3E+00 107
111 4.3E+00 112
116 4.3E+00 117
121 4.3E+00 122
126 4.3E+00 127
131 4.3E+00 132
136 4.3E+00 137
141 4.3E+00 142

4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00

44 6.OE-01 45 6.0E-01 46 6.OE-01 47 6.OE-01
6.OE-01 50 6.OE-01 51 6.OE-01 52 6.OE-01
6.OE-01 55 6.OE-01 56 6.OE-01 57 6.OE-01
6.OE-01 60 6.OE-01 61 6.OE-01 62 6.OE-01
6.OE-01 65 6.OE-01 66 6.0E-01 67 6.OE-01
6.OE-01 70 6.OE-01 71 6.OE-01 72 6.OE-01
6.OE-01 75 6.OE-01 76 6.OE-01 77 6.OE-01
6.OE-01 80 6.0E-01 81 6.OE-01 82 6.OE-01
6.OE-01 85 6.OE-01 86 6.OE-01 87 6.0E-01
6.OE-01 90 6.OE-01 91 6.OE-01 92 6.OE-01
6.OE-01 95 6.OE-01 96 6.OE-01 97 6.OE-01
6.OE-01 100 6.OE-01 101 6.OE-01 102 6.OE-01

6.OE-01
6.OE-01
6.0E-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.0E-01

105
110
115
120
125
130
135
140

6.OE-01
6.OE-01
6.0E-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01

106
111
116
121
126
131
136
141

6.OE-01 107
.6.OE-01 112
6.OE-01 117
6.OE-01 122
6.OE-01 127
6.OE-01 132
6.OE-01 137
6.OE-01 142

6.OE-01
6.OE-01
6.OE-0 1
6.0E-01
6.OE-01
6.0E-01
6.OE-01
6.OE-01

4.1E+00
43 4.7E-02
6.OE-01 49
6.OE-01 54
6.OE-01 59
6.0E-01 64
6.OE-01 69
6.OE-01 74
6.OE-01 79
6.OE-01 84
6.0E-01 89
6.OE-01 94
6.OE-01 99



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 3

- POPULATION DATA -----------------------------

Population for Chronic Waterborne Release at the following Times A.D.:

Time Population

1990. 2.9E+05
2100. 3.9E+05
2200. 4.3E+05
2300. 4.7E+05
2990. l.3E+06
11900. 4.9E+06



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 4

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

until until
44 5000. 2.36E+01
45 5070. 3.27E+02
46 5140. 6.36E+02
47 5210. 9.48E+02
48 5280. 1.26E+03
49 5350. 1.58E+03
50 5420. 1.91E+03
51 5490. 2.24E+03
52 5560. 2.57E+03
53 5630. 2.91E+03
54 5700. 3.25E+03
55 5770. 3.59E+03
56 5840. 3.94E+03
57 5910. 4.30E+03
58 5980. 4.65E+03
59 6050. 5.02E+03
60 6120. 5.38E+03
61 6190. 5.75E+03
62 6260. 6.13E+03
63 6330. 6.51E+03
64 6400. 6.89E+03
65 6470. 7.27E+03
66 6540. 7.66E+03
67 6610. 8.06E+03
68 6680. 8.46E+03
69 6750. 8.86E+03
70 6820. 9.27E+03
71 6890. 9.68E+03
72 6960. 1.01E+04

1



73
74
75
76
77
78
79
80
81
82
83
84
85

7030.
7100.
7170.
7240.
7310.
7380.
7450.
7520.
7590.
7660.
7730.
7800.
7870.

1.05E+04
1.09E+04
1.14E+04
1.1 8E+04
1.22E+04
1.27E+04
1.31E+04
1.36E+04
1.40E+04
1.45E+04
1.49E+04
1.54E+04
1.59E+04



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 5

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

86 7940. 1.63E+04
87 8010. 1.68E+d4
88 8080. 1.73E+04
89 8150. 1.78E+04
90 8220. 1.83E+04
91 8290. 1.88E+04
92 8360. 1.93E+04
93 8430. 1.98E+04
94 8500. 2.03E+04
95 8570. 2.08E+04
96 8640. 2.13E+04
97 8710. 2.18E+04
98 8780. 2.24E+04
99 8850. 2.29E+04
100 8920. 2.34E+04
101 8990. 2.39E+04
102 9060. 2.45E+04
103 9130. 2.50E+04
104 9200. 2.56E+04
105 9270. 2.61E+04
106 9340. 2.67E+04
107 9410. 2.72E+04
108 9480. 2.78E+04
109 9550. 2.84E+04
110 9620. 2.90E+04
111 9690. 2.95E+04
112 9760. 3.01E+04
113 9830. 3.07E+04
114 9900. 3.13E+04
115 9970. 3.19E+04

1



116 1,0040. 3.25E+04
117 10110. 3.31E+04
118 10180. 3.37E+04
119 10250. 3.43E+04
120 10320. 3.49E+04
121 10390. 3.55E+04
122 10460. 3.61E+04
123 10530. 3.68E+04
124 10600. 3.74E+04
125 10670. 3.80E+04
126 10740. 3.87E+04
127 10810. .93E+0
128 10880. 4.OOE+04 f



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 6

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

129 10950. 4.06E+04
130 11020. 4.13E+04
131 11090. 4.19E+04
132 11160. 4.26E+04
133 11230. 4.33E+04
134 11300. 4.39E+04
135 11370. 4.46E+04
136 11440. 4.53E+04
137 11510. ,4.60E+04
138 11580. 4.67E+04
139 11650. 4.74E+04
140 11720. 4.81E+04
141 11790. 4.88E+04
142 11860. 4.95E+04

11930.
144 12000..( 5.08E+04

Dose in units of person-rem;
that is the cumulative population dose received by the local population
over 10,000 years with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Tern Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 7

Cumulative Population Dose Equivalent by Radionuclide

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 1.6E+03 7.5E-02 1.6E+03 3
TC 99 3.3E+04 2.OE-02 3.3E+04 64
1 129 4.OE+02 L3E-03 4.OE+02 0
U 238 2.8E+03 5.8E-04 2.8E+03 5
TH 234 3.OE-01 3.8E-01 6.8E-01 0
PA 234 9.9E-04 6.OE-02 6.lE-02 0
NP 237 1.4E+04 6.SE-02 1.4E+04 26
PA 233 1.4E-01 1.6E+00 1.8E+00 0

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 8

Maximum Dose Increment Received By Population
In Year 12000 (70-yr Time Period Number No: 143)

Organ

Gonad
Breast
R Man
Lung
Thyroi
Bone S
Stoma
LL Int.
UL Int
Kidney
Liver

Weighted
Cumulative Cumulative

Dose Weighting Dose
Equivalent Factors Equivalent

s 1.OE+02 2.5E-01 2.5E+01
7.2E+01 1.5E-0l 1.1E+01

ow 4.7E+02 1.2E-01 5.6E+01

d
ur

ch

s

7.2E+01
1.4E+03
4.9E+03
5.2E+03

9.1E+02
3.5E+02
2.6E+02

2.5E+02

1.2E-01
3.OE-02
3.OE-02
6.OE-02

6.OE-02
6.OE-02
6.0E-02

6.OE-02

8.7E+00
4.2E+01
1.5E+02
3.1E+02

5.4E+0 1
2.1E+01

1.6E+01
1.5E+01

Cumulative Effective Dose Equivalent 7.1E+02
External Dose 3.1E-02

Lifetime Effective Cumulative
Dose Equivalent 7.1E+02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.

- 1



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 9

Maximum Dose Increment Received By Individual (rem)
In Year 12000 (70-yr Time Period Number No: 143)

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 4.6E-06 2.IE-10 4.6E-06 3
TC 99 9.3E-05 5.7E-1 1 9.3E-05 64
1 129 1.1E-06 3.6E-12 L.IE-06 0
U 238 8.0E-06 1.6E-12 8.0E-06 5
TH 234 8.4E-10 1.1E-09 1.9E-09 0
PA 234 2.8E-12 1.7E-10 1.7E-10 0
NP 237 3.9E-05 1.9E-10 3.9E-05 26
PA 233 3.8E-10 4.6E-09 5.OE-09 0



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 10

Population Internal Dose To Organ by Radionuclide
In Year 12000 (70-yr Time Period Number No: 143)

Radionuclide Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

C 14 2.3E+01 2.3E+01 2.3E+01 2.3E+01 2.3E+01 2.9E+01 2.9E+01 2.3E+01
TC 99 4.8E+01 5.2E+03 9.3E+01 3.JE+02 8.4E+02 5.6E+01 5.6E+01 4.8E+01
1 129 1.2E-02 1.7E-02 1.1E-02 L.E-02 L.1E-02 1.5E-02 1.6E-02 9.9E-03
U 238 1.5E+00 2.OE+00 3.OE+00 L.OE+01 3.OE+01 5.3E+02 3.5E+01 1.4E+00
TH 234 3.OE-05 1.1E-03 2.7E-03 1.6E-02 4.8E-02 2.3E-05 1.9E-05 2.6E-06
PA 234 3.6E-07 1.7E-05 3.5E-05 7.4E-05 6.1E-05 6.5E-07 1.8E-06 5.5E-07
NP 237 2.6E-02 2.5E-01 5.9E-01 3.2E+00 9.9E+00 4.3E+03 3.5E+02 3.OE+01
PA 233 8.3E-06 5.5E-04 1.5E-03 6.9E-03 2.OE-02 1.9E-04 1AE-04 4.2E-05

Total internal 7.2E+01 5.2E+03 1.2E+02 3.5E+02 9.IE+02 4.9E+03 4.7E+02 L.OE+02

Radionuclide Ovaries Muscle Thyroid Kidneys Liver

C 14 2.3E+01 2.3E+01 2.3E+01 0.OE+00 0.0E+00
TC 99 4.8E+01 4.8E+01 1.2E+03 0.OE+00 6.5E+01
1 129 1.1E-02 2.6E-02 1.9E+02 0.OE+00 0.OE+00
U 238 1.5E+00 1.4E+00 1.5E+00 2.6E+02 0.OE+00
TH 234 3.2E-05 3.7E-06 3.3E-07 0.OE+00 4.5E-06
PA 234 7.7E-06 1.2E-06 4.2E-08 1.9E-06 1.4E-06
NP 237 3.OE+01 2.4E-02 1.7E-02 0.OE+00 1.9E+02
PA 233 5.OE-04 5.3E-05 9.7E-07 6.6E-05 4.7E-05 -

Total internal 1.OE+02 7.2E+01 1.4E+03 2.6E+02 2.5E+02

Population Air Submersion and External Incremental Dose by Radionuclide
In Year 12000 (70-yr Time Period Number No: 143)



Air
Submer- Exter-

Radionuclide sion nal

C 14 1.3E-09 1.OE-03
TC 99 2.3E-10 2.8E-04
1 129 2.9E-11 1.8E-05
U 238 1.3E-11 8.1E-06
TH 234 2.IE-09 5.4E-03
PA 234 3.OE-10 8.4E-04
NP 237 1.8E-10 9.5E-04
PA 233 3.OE-09 2.3E-02

Total external 7.2E-09 3.1E-02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 11

Population Internal Dose To Organ by Exposure Pathway

In Year 12000 (70-yr Time Period Number No: 143)

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

Inhalation 1.1E-01 5.9E-04 4.5E-04 4.7E-04 4.9E-04 1.7E-0I 1.4E-02 1.7E-03
Ingestion (Terr) 5.6E+01 5.1E+03 1.OE+02 3.2E+02 8.6E+02 2.2E+03 2.4E+02 6.8E+01
Ingestion (Aqua) 1.4E+01 1.7E+01 1.5E+01 1.6E+01 1.9E+01 1.8E+03 1.6E+02 2.6E+01
Drinking Water 2.4E+00 1.0E+02 3.9E+00 1.1E+01 2.9E+01 9.0E+02 7.2E+01 7.3E+00

Total internal 7.213+01 5.2E+03 1.2E+02 3.5E+02 9.1E+02 4.9E+03 4.7E+02 1.OE+02

Pathway Ovaries Muscle Thyroid Kidneys Liver

Inhalation 1.7E-03 4.5E-04 5.0E-04 1.8E-04 7.6E-03
Ingestion (Terr) 6.8E+01 5.6E+01 1.3E+03 1.7E+02 1.4E+02
Ingestion (Aqua) 2.6E+01 1.4E+01 1.5E+01 4.4E+00 7.6E+01
Drinking Water 7.4E+00 2.4E+00 4.3E+01 9.0E+01 3.2E+01

Total internal 1.0E+02 7.2E+01 1.4E+03 2.6E+02 2.5E+02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
5

C 14
1129
NP237
TC99
U 238
&INPUT IWAT=1, IPATH=2, LUW=1, IPOPL=2,
CFLO=120000.,
RM=1.0, TZ=1990., TZR=0.,
PL1(1)=294830.,391538.,431210.,469891.,1273208.,4932964.,
TL(1)=1990., 2100.,2200.,2300.,2990.,11900.,
NTL=6,
USAGE(1)=0.3,0.,0.,0.,438.,17.,17.,
CONSUM(1)=1 5.,276.,20.,230.,40.,30.,8.5,
EXTIM=2920.,MOPYR=6, RIRR=150.,
GRWP(1)=90.,90.,90.,30.,3*90.,
YELD(1)=1.5,4.,0.84,1.3,3*0.84,

&END
5

C 14 5
1990. 0.0
4244. 0.0
4245. 0.0199
11995. 0.0199
11996. 0.0
1129 5
1990. 0.0
4244. 0.0
4245. 0.0002
11995. 0.0002
11996. 0.0
NP237 5
1990. 0.0
4244. 0.0
4245. 0.0006
11995. 0.0006
11996. 0.0
TC99 5
1990. 0.0
4244. 0.0
4245. 0.3326
11995. 0.3326
11996. 0.0
U 238 5



1990.
4244.
4245.
11995.
11996.

0.0
0.0
0.0075
0.0075
0.0



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 1

DATA LIBRARIES USED ------------------------ (File)-

Master Radionuclide Data: (2)
Radionuclide Master Library - Long Times (23-July-93 PDR)

Food Concentration Ratios: (8)
PNL Food Transfer Factor Library (by Z, Changed NP&U LF 6/18/96 AMN)

Fresh Water Bioaccumulation Factors: (9)
Bioaccumulation Factor Library - (30-Aug-88) RAP

External Exposure D.F.'s: (10)
External Dose Factors for GENII in person Sv/yr per Bq/X (8-May-90 RAP)

Inhalation/Ingestion D.F.'s: (30)
Worst-Case Solubilities, DITTY Internal Dose Factors (Sv/Bq) (23-Jul-93 PDR)

Waterborne Release Data: (31)
DITTY.IN

- MASTER RADIONUCLIDE CONTROL LIST -----------------------
C 14 TC99 1129 U 238 TH234 PA234 NP237
PA233

- TERRESTRIAL/AQUATIC PATHWAY DATA FOR AN AVERAGE INDIVIDUAL

Growing
Pathway Period Yield Consumption Pathway Usage

(days) (kg/m2) (kg/yr) (kg or hr/yr)

LEAFY VEG 9.OE+01 1.5E+00 1.5E+01 FISH 3.OE-01
OTHER VEG 9.OE+01 4.OE+00 2.8E+02 CRUSTACEA 0.OE+00
EGGS 9.OE+01 8.4-01 2.OE+01 MOLLUSES 0.OE+00
MILK 3.OE+01 1.3E+00 2.3E+02 PLANTS 0.OE+00
BEEF 9.OE+01 8.4E-01 4.OE+01 DRINKING WATER 4.4E+02
PORK 9.OE+01 8.4E-01 3.OE+01 SEDIMENT EXPOSU 1.7E+01
POULTRY 9.OE+01 8.4E-01 8.5E+00 SWIMMING TIME 1.7E+01



External Exposure Time: 2.92E+03 hr/yr

--- LIQUID RELEASE PARAMETERS -------------------------------------------

River Flow Rate, (ft3/sec): 1.2E+05
Reconcentration Ratio
Mixing Ratio

Input Prepared By:

Input Checked By:

Months/Year Irrigated: 6.0E+00
: 1.OE+00 Irrigation Rate

1.OE+00 (liters/m2/month) : 1.5E+02

Date:

Date:



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 2

-- WATER RELEASE OF EACH RADIONCLIDE PER 70-YR PERIOD (Ci) ------

Radio- - Period/
nuclide Activity

Period/
Activity

Period/ Period/
Activity Activity

C 14 33 l.1E+00 34 1.4E+00 35 1.4E+00 36 1.4E+00 37 1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00 I

1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00

40
45
50
55'
60
65
70
75
80
85
90
95
00
10
11
11
12
12
13
13
14

1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00

41
46
51
56
61
66
71
76
81
86
91
96

1.4E+00 101 1.4E+00 102 1.4E+00
5
0
5
0
5
0
5
0

1.4E+00 106
1.4E+00 111
1.4E+00 116
1.4E+00 121
1.4E+00 126
1.4E+00 131
1.4E+00 136
1.4E+00 141

143 1.3E+00
TC99 33 1.8E+01 34 2.3E+01 35 2.3E+01

38 2.3E+01 39 2.3E+01 40 2.3E+01 41
43 2.3E+01 44 2.3E+01 45 2.3E+01 46
48 2.3E+01 49 2.3E+01 50 2.3E+01 51
53 2.3E+01 54 2.3E+01 55 2.3E+01 56
58 2.3E+01 59 2.3E+01 60 2.3E+01 61
63 2.3E+01 64 2.3E+01 65 2.3E+01 66

36 2.31E+01 37 2.3E+01
2.3E+01 42 2.3E+01
2.3E+01 47 2.3E+01
2.3E+01 52 2.3E+01
2.3E+01 57 2.3E+01
2.3E+01 62 2.3E+01
2.3E+01 67 2.313+01

Period/
Activity

1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00

38
43
48
53
58
63
68
73
78
83
88
93
98
103
108
113
118
123
128
133
138

42
47
52
57
62
67
72
77
82
87
92
97

1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00

1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00

39
44
49
54
59
64
69
74
79
84
89
94
99
104
109
114
119
124
129
134
139

1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00

107
112
117
122
127
132
137
142

1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00



68 2.3E+01 69 .2.3E+O
73 2.3E+01 74 2.3E+O
78 2.3E+01 79 2.3E+0
83 2.3E+01 84 2.3E+O
88 2.3E+01 89 2.3E+O
93 2.3E+01 94 2.3E+O
98 2.3E+01 99 2.3E+O

103 2.3E+01 104 2.3E+
108 2.3E+01 109 2.3E+
113 2.3E+01 114 2.3E+
118 2.3E+01 119 2.3E+
123 2.3E+01 124 2.3E+
128 2.3E+01 129 2.3E+
133 2.3E+01 134 2.3E+
138 2.3E+01 139 2.3E+
143 2.2E+01

1129 33 1.1E-02 34 1.4E-
38 1.4E-02 39 1AE-02
43 1.4E-02 44 1.4E-02
48 1.4E-02 49 1.4E-02
53 1.4E-02 54 1.4E-02
58 1.4E-02 59 1.4E-02

1
1
1
1
1
1I

70
75
80
85
90
95

2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01

71
76
81
86
91
96

2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01

72
77
82
87
92
97

2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01

1 100 2.3E+01 101 2.3E+01 102 2.3E+01
01
01
01
01
01
01
01
01

105
110
115
120
125
130
135
140

2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01

)2 35 1.4E-02
40
45
50
55
60

63 1.4E-02 64 1.4E-02 65
68 1.4E-02 69 1.4E-02 70
73
78
83
88
93
98
103
108
113
118
123
128
133
138

1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02

74
79
84
89
94
99

1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02

75
80
85
90
95
100

1.4E-02 4
1.4E-02 4
1.4E-02 5
1.4E-02 5
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02

106
111
116
121
126
131
136
141

2.3E+01
2.3E+01

107 2.3E+01
112 2.3E+01

2.3E+01 117 2.3E+01
2.3E+0 1
2.3E+01
2.3E+01
2.3E+01

122
127
132
137

2.3E+01
2.3E+01
2.3E+01
2.3E+01

2.3E+01 142 2.3E+01

36 1.4E-02 37 1.4E-02
1 1.4E-02 42 1.4E-02
6 1.4E-02 47 1.4E-02
1 1.4E-02 52 1.4E-02
6

61
66
71
76
81
86
91
96
101

1.4E-02 104 1.4E-02 105 1.4E-02 106
1.4E-02 109
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02

114
119
124
129
134
139

1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02

110
115
120
125
130
135

1.4E-02
1.4E-02
1.4E-02
I.4E-02
1.4E-02
1.4E-02

111
116
121
126
131
136

1.4E-02 57 1.4E-02
1.4E-02 62 1.4E-02
1.4E-02 67 1.4E-02
1.4E-02 72 1.4E-02
1.4E-02 77 1.4E-02
1.4E-02 82 1.4E-02
1.4E-02 87 1.4E-02
1.4E-02 92 1.4E-02
1.4E-02 97 1.4E-02

1.4E-02 102 1.4E-02
1.4E-02 107
1.4E-02 112
1AE-02 117
1.4E-02 122
1.4E-02 127
1.4E-02 132
1.4E-02 137

1.4E-02 140 1.4E-02 141 1.4E-02 142

1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02

143 1.3E-02
U238 33 4.2E-01

38
43
48
53
58

5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01

39
44
49
54
59

34 5.2E-01
5.2E-01 40
5.2E-01 45
5.2E-01 50
5.2E-01 55
5.2E-01 60

35 5.2E-01
5.2E-01 41
5.2E-01 46
5.2E-01 51
5.2E-01 56
5.2E-01 61

36 5.2E-01
5.2E-01 42
5.2E-01 47
5.2E-01 52
5.2E-01 57
5.2E-01 62

37 5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01



5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01

64
69
74
79
84
89
94

98 5.2E-01 99
103
108
113
118
123
128
133
138
143

NP237
38
43
48
53
58
63
68
73
78
83
88
93
98
103
108
113
118
123
128
133
138

5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01

104
109
114
119
124
129
134
139

4.9E-01
33 3.3E-02
4.2E-02 39
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02

44
49
54
59
64

5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-0 1
5.2E-0 1

5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01

34 4.2E-
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02

65 5.2E-01
70 5.2E-01
75 5.2E-01
80 5.2E-01
85 5.2E-01
90 5.2E-01
95 5.2E-01
100 5.2E-01

105 5.2E-01 106
110 5.2E-01 111
115 5.2E-01 116
120 5.2E-01 121
125 5.2E-01 126
130 5.2E-01 131
135 5.2E-01 136
140 5.2E-01 141

02 35 4.2E-02 3
40 4.2E-02 41 4
45 4.2E-02 46 4
50 4.2E-02 51 4
55 4.2E-02 56 4
60 4.2E-02 61 4
65 4.2E-02 66 4

69 4.2E-02 70 4.2E-02 71
74
79
84
89
94
99

4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02

75
80
85
90
95

4.2E-02 76
4.2E-02 81
4.2E-02 86
4.2E-02 91
4.2E-02 96

66 5.2E-01 67 5.2E-01
71 5.2E-01 72 5.2E-01
76 5.2E-01 77 5.2E-01
81 5.2E-01 82 5.2E-01
86 5.2E-01 87 5.2E-01
91 5.2E-01 92 5.2E-01
96 5.2E-01 97 5.2E-01
101 5.2E-01 102 5.2E-01

5.2E-01 1
5.2E-01 1
5.2E-01 I
5.2E-01 1
5.2E-01 I
5.2E-01 1
5.2E-01 I
5.2E-01 1

6 4.2E-02
.2E-02 42
.2E-02 47
.2E-02 52
.2E-02 57
.2E-02 62
.2E-02

4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02

67
72
77
82
87
92
97

07
12
17
22
27
32
37
42

5.2E-01
5.2E-0 1
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01

37 4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02

4.2E-02 100 4.2E-02 101 4.2E-02 102 4.2E-02
4.2E-02 104 4.2E-02 105 4.2E-02 106
4.2E-02 109 4.2E-02 110 4.2E-02 111
4.2E-02 114 4.2E-02 115 4.2E-02 116
4.2E-02 119 4.2E-02 120 4.2E-02 121
4.2E-02 124 4.2E-02 125 4.2E-02 126
4.2E-02 129 4.2E-02 130 4.2E-02 131
4.2E-02 134 4.2E-02 135 4.2E-02 136
4.2E-02 139 4.2E-02 140 4.2E-02 141

4.2E-02 107
4.2E-02 112
4.2E-02 117
4.2E-02 122
4.2E-02 127
4.2E-02 132
4.2E-02 137
4.2E-02 142

4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02

143 3.9E-02

63
68
73
78
83
88
93



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 3

---- POPULATION DATA -----------------------------

Population for Chronic Waterborne Release at the following Times A.D.:

Time Population

1990. 2.9E+05
2100. 3.9E+05
2200. 4.3E+05
2300. 4.7E+05
2990. 1.3E+06
11900. 4.9E+06



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 4

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

until until
34 4300. 1.68E+01
35 4370. 3.84E+01
36 4440. 6.03E+01
37 4510. 8.25E+01
38 4580. 1.05E+02
39 4650. 1.28E+02
40 4720. 1.51E+02
41 4790. 1.75E+02
42 4860. 1.99E+02
43 4930. 2.23E+02
44 5000. 2.48E+02
45 5070. 2.73E+02
46 5140. 2.98E+02
47 5210. 3.24E+02
48 5280. 3.50E+02
49 5350. 3.76E+02
50 5420. 4.03E+02
51 5490. 4.30E+02
52 5560. 4.57E+02
53 5630. 4.85E+02
54 5700. 5.13E+02
55 5770. 5.41E+02
56 5840. 5.70E+02
57 5910. 5.99E+02
58 5980. 6.28E+02
59 6050. 6.58E+02
60 6120. 6.88E+02
61 6190. 7.18E+02
62 6260. 7.49E+02



63
64
65
66
67
68
69
70
71
72
73
74
75

6330.
6400.
6470.
6540.
6610.
6680.
6750.
6820.
6890.
6960.
7030.
7100.
7170.

7.80E+02
8.1 1E+02
8.43E+02
8.75E+02
9.08E+02
9.41E+02
9.74E+02
1.01E+03
1.04E+03
1.08E+03
1.11E+03
1.14E+03
1.18E+03



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)

Executed on: 06/18/96 at 10:54:54.8 Page 5
------------------------------------------------------

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

76 7240. 1.21E+03
77 7310. 1.25E+03
78 7380. 1.29E+03
79 7450. 1.32E+03
80 7520. 1.36E+03
81 7590. 1.40E+03
82 7660. 1.44E+03
83 7730. 1.47E+03
84 7800. 1.51E+03
85 7870. 1.55E+03
86 7940. 1.59E+03
87 8010. 1.63E+03
88 8080. 1.67E+03
89 8150. 1.71E+03
90 8220. 1.75E+03
91 8290. 1.79E+03
92 8360. 1.83E+03
93 8430. 1.87E+03
94 8500. 1.91E+03
95 8570. 1.95E+03
96 8640. 2.OOE+03
97 8710. 2.04E+03
98 8780. 2.08E+03
99 8850. 2.12E+03
100 8920. 2.17E+03
101 8990. 2.21E+03
102 9060. 2.26E+03
103 9130. 2.30E+03
104 9200. 2.35E+03
105 9270. 2.39E+03



106
107
108
109
110
111
112
113
114
115
116
117
118

9340.
9410.
9480.
9550.
9620.
9690.
9760.
9830.
9900.
9970.
10040.
10110.
10180.

2.44E+03
2.48E+03
2.53E+03
2.58E+03
2.62E+03
2.67E+03
2.72E+03
2.77E+03
2.82E+03
2.86E+03
2.91E+03
2.96E+03
3.01E+03



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 6

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

119 10250. 3.06E+03
120 10320. 3.11E+03
121 10390. 3.16E+03
122 10460. 3.21E+03
123 10530. 3.27E+03
124 10600. 3.32E+03
125 10670. 3.37E+03
126 10740. 3.42E+03
127 10810. 3.48E+03
128 10880. 3.53E+03
129 10950. 3.58E+03
130 11020. 3.64E+03
131 11090. 3.69E+03
132 11160. 3.74E+03
133 11230. 3.80E+03
134 11300. 3.85E+03
135 11370. 3.91E+03
136 11440. 3.97E+03
137 11510. 4.02E+03
138 11580. 4.08E+03
139 11650. 4.14E+03
140 11720. 4.19E+03
141 11790. 4.25E+03
142 11860. 4.31E+03
143 11930. 4.37E+03
144 12000.

Dose in units of person-rem;



that is the cumulativepopulation dose received by the local population
over 10,000 years with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 7
------------------------------------------------------

Cumulative Population Dose Equivalent by Radionuclide

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 9.8E+01 4.5E-03 9.8E+01 2
TC 99 2.9E+03 1.8E-03 2.9E+03 66
1 129 4.0E+01 1.3E-04 4.OE+01 0
U 238 3.6E+02 7.4E-05 3.6E+02 8
TH 234 3.8E-02 4.9E-02 8.7E-02 0
PA 234 1.3E-04 7.7E-03 7.8E-03 0
NP 237 L.OE+03 5.1E-03 1.OE+03 23
PA 233 1.OE-02 1.2E-01 1.3E-01 0

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 8
--------------------------------------------------------

Maximum Dose Increment Received By Population
In Year 12000 (70-yr Time Period Number No: 143)

'S.

Weighted
Cumulative Cumulative

Dose Weighting Dose
Organ Equivalent Factors Equivalent

Gonads
Breast
R Marrow
Lung
Thyroid
Bone Sur
Stomach
LL Int.
Kidneys
UL Int.
Liver

7.6E+00 2.5E-01 1.9E+00
5.5E+00 1.5E-01 8.3E-01

3.5E+01 1.2E-01 4.2E+00
5.5E+00 1.2E-01 6.6E-01
1.2E+02 3.0E-02 3.6E+00
3.7E+02 3.OE-02 11E+01
4.4E+02 6.OE-02 2.6E+01

7.7E+01 6.OE-02 4.6E+00
3.2E+01 6.OE-02 1.9E+00

2.9E+01 6.OE-02 1.8E+00
1.9E+01 6.OE-02 l1E+00

Cumulative Effective Dose Equivalent 5.8E+01
External Dose 2.5E-03

Lifetime Effective Cumulative
Dose Equivalent 5.8E+01

Dose in units of person-rem;
that is the cumulative population dose received by the local population

with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 9
-------------------------------------------------------

Maximum Dose Increment Received By Individual (rem)
In Year 12000 (70-yr Time Period Number No: 43)

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 2.6E-07 1.2E-11 2.6E-07 2
TC 99 7.9E-06 4.8E-12 7.9E-06 66
1 129 1.lE-07 3.4E-13 l.1E-07 0
U 238 9.6E-07 2.OE-13 9.6E-07 8
TH 234 1.OE-10 1.3E-10 2.3E-10 0
PA 234 3.4E-13 2.IE-11 2.1E-11 0
NP 237 2.7E-06 1.4E-1 1 2.7E-06 23
PA 233 2.7E-11 3.2E-10 3.5E-10 0



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 10
------------------------------------------------------

Population Internal Dose To Organ by Radionuclide
In Year 12000 (70-yr Time Period Number No: 143)

Radionuclide Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes
------- --- --- --- --- --- ------ ------- -------

C 14 1.3E+00 1.3E+00 1.3E+00 1.3E+00 1.3E+00 1.6E+00 1.6E+00 1.3E+00
TC 99 4.OE+00 4.4E+02 7.9E+00 2.7E+01 7.1E+01 4.8E+00 4.8E+00 4.OE+00
1 129 1.2E-03 1.7E-03 1.0E-03 1.0E-03 1.OE-03 1.4E-03 1.5E-03 9.4E-04
U 238 1.8E-01 2.5E-01 3.6E-01 1.2E+00 3.6E+00 6.4E+01 4.3E+00 1.7E-01
TH 234 3.7E-06 1.4E-04 3.3E-04 2.OE-03 5.9E-03 2.8E-06 2.4E-06 3.1E-07
PA 234 4.3E-08 2. 1E-06 4.3E-06 9.OE-06 7.4E-06 7.8E-08 2.2E-07 6.6E-08
NP 237 1.9E-03 1.7E-02 4.2E-02 2.3E-01 7.OE-01 3.OE+02 2.5E+01 2.1E+00
PA 233 5.8E-07 3.9E-05 1.1E-04 4.9E-04 1.4E-03 1.4E-05 9.6E-06 2.9E-06
-------- -- --- ----------------- ------- ----

Total internal 5.5E+00 4.4E+02 9.6E+00 2.9E+01 7.7E+01 3.7E+02 3.5E+01 7.6E+00

Radionuclide Ovaries Muscle Thyroid Kidneys Liver

C 14 1.3E+00 1.3E+00 1.3E+00 0.OE+00 0.OE+00
TC 99 4.OE+00 4.OE+00 1.OE+02 0.OE+00 5.5E+00
1 129 1.OE-03 2.5E-03 1.8E+01 0.OE+00 0.OE+00
U 238 1.SE-01 1.7E-01 1.8E-01 3.2E+01 0.0E+00
TH 234 3.9E-06 4.5E-07 4.OE-08 0.0E+00 5.5E-07
PA 234 9.4E-07 14E-07 5.lE-09 2.3E-07 1.7E-07
NP 237 2.1E+00 1.7E-03 1.2E-03 0.OE+00 1.3E+01
PA 233 3.5E-05 3.7E-06 6.91-08 4.7E-06 3.3E-06

Total internal 7.6E+00 5.5E+00 1.2E+02 3.2E+01 1.9E+01

Population Air Submersion and External Incremental Dose by Radionuclide
In Year 12000 (70-yr Time Period Number No: 143)



Air
Submer- Exter-

Radionuclide sion nal

C 14 7.4E-11 5.9E-05
TC 99 2.OE-11 2.4E-05
1 129 2.8E-12 1.7E-06
U 238 1.6E-12 9.8E-07
TH 234 2.6E-10 6.5E-04
PA 234 3.7E-11 1.OE-04
NP 237 1.3E-11 6.7E-05
PA 233 2.IE-10 1.6E-03

Total external 6.2E-10 2.5E-03

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 11

Population Internal Dose To Organ by Exposure Pathway

In Year 12000 (70-yr Time Period Number No: 143)

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

Inhalation 1.3E-02 3.7E-05 2.6E-05 2.7E-05 3.OE-05 1.2E-02 9.9E-04 1.2E-04
Ingestion (Terr) 4.5E+00 4.3E+02 8.4E+00 2.7E+01 7.3E+01 1.8E+02 1.9E+01 5.4E+00
Ingestion (Aqua) 8.2E-01 1.LE+00 8.4E-01 9.4E-01 1.2E+00 1.2E+02 11E+01 1.7E+00
Drinking Water 1.9E-01 8.5E+00 3.4E-01 I.OE+00 2.8E+00 7.3E+01 5.7E+00 5.4E-01

Total internal 5.5E+00 4.4E+02 9.6E+00 2.9E+01 7.7E+01 3.7E+02 3.5E+01 7.6E+00

Pathway Ovaries Muscle Thyroid Kidneys Liver

Inhalation 1.2E-04 2.6E-05 3.0E-05 2.2E-05 5.4E-04
Ingestion (Terr) 5.4E+00 4.5E+00 1.2E+02 2.OE+01 .LiE+01
Ingestion (Aqua) 1.7E+00 8.2E-01 8.9E-01 5.4E-01 5.4E+00
Drinking Water 5.4E-01 2.OE-01 3.8E+00 l.1E+01 2.3E+00

Total internal 7.6E+00 5.5E+00 1.2E+02 3.2E+01 1.9E+01

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
5

C 14
1129
NP237
TC99
U 238
&INPUT IWAT=1, IPATH=2, LUW=1, IPOPL=2,
CFLO=120000.,
RM=1.0, TZ=1990., TZR=0.,
PL1(1)=294830.,391538.,431210.,469891.,1273208.,4932964.,
TL(1)=1990., 2100.,2200.,2300.,2990.,11900.,
NTL=6,
USAGE(1)=0.3,0.,0.,0.,438.,17.,17.,
CONSUM(1)=1 5.,276.,20.,230.,40.,30.,8.5,
EXTIM=2920.,MOPYR=6, RIRR=150.,
GRWP(1)=90.,90.,90.,30.,3*90.,
YELD(1)=1.5,4.,0.84,1.3,3*0.84,

&END
5

C 14 5
1990. 0.0
4244. 0.0
4245. 0.0183
8995. 0.0183
8996. 0.0
1129 5
1990. 0.0
4244. 0.0
4245. 0.0001
8995. 0.0001
8996. 0.0
NP237 5
1990. 0.0
4244. 0.0
4245. 0.00023
8995. 0.00023
8996. 0.0
TC99 5
1990. 0.0
4244. 0.0
4245. 0.1126
8995. 0.1126
8996. 0.0
U 238 5



1990. 0.0
4244. 0.0
4245. 0.0064
8995. 0.0064
8996. 0.0



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-TerM Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
Executed on: 06/21/96 at 07:04:30.8 Page 1

-- DATA LIBRARIES USED ------------------------ (File)--

Master Radionuclide Data: (2)
Radionuclide Master Library - Long Times (23-July-93 PDR)

Food Concentration Ratios: (8)
PNL Food Transfer Factor Library (by Z, Changed NP&U LF 6/18/96 AMN)

Fresh Water Bioaccumulation Factors: (9)
Bioaccumulation Factor Library - (30-Aug-88) RAP

External Exposure D.F.'s: (10)
External Dose Factors for GENII in person Sv/yr per BqfX (8-May-90 RAP)

Inhalation/Ingestion D.F.'s: (30)
Worst-Case Solubilities, DITTY Internal Dose Factors (Sv/Bq) (23-Jul-93 PDR)

Waterborne Release Data: (31)
DITTY.IN

- MASTER RADIONUCLIDE CONTROL LIST -----------------------
C 14 TC99 1129 U238 TH234 PA234 NP237
PA233

-- TERRESTRIAL/AQUATIC PATHWAY DATA FOR AN AVERAGE INDIVIDUAL

Growing
Pathway Period Yield Consumption Pathway Usage

(days) (kg/m2) (kg/yr) (kg or hr/yr)

LEAFY VEG 9.OE+01 1.5E+00 1.5E+01 FISH 3.OE-01
OTHER VEG 9.OE+01 4.OE+00 2.8E+02 CRUSTACEA 0.0E+00
EGGS 9.OE+01 8.4E-01 2.0E+01 MOLLUSES 0.OE+00
MILK 3.OE+01 1.3E+00 2.3E+02 PLANTS 0.0E+00
BEEF 9.0E+01 8.4E-01 4.OE+01 DRINKING WATER 4.4E+02
PORK 9.OE+01 8.4E-01 3.OE+01 SEDIMENT EXPOSU 1.7E+01
POULTRY 9.OE+01 8.4E-01 8.5E+00 SWIMMING TIME 1.7E+01



External Exposure Time: 2.92E+03 hr/yr

---- LIQUID RELEASE PARAMETERS ----------------------------

River Flow Rate, (ft3/sec): 1.2E+05
Reconcentration Ratio
Mixing Ratio

Input Prepared By:

Input Checked By:

Months/Year Irrigated: 6.OE+00
: .OE+00 Irrigation Rate

1.OE+00 (liters/m2/month) : 1.5E+02

Date:

Date:



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
Executed on: 06/21/96 at 07:04:30.8 Page 2

-- WATER RELEASE OF EACH RADIONCLIDE PER 70-YR PERIOD (Ci) -------

Radio-
nuclide

Period/
Activity

Period/ Period/
Activity Activity

Period/
Activity

Period/
Activity

C 14 33 1.OE+00 34 1.3E+00 35 1.3E+00 36 1.3E+00 37 1.3E+00
39
44
49
54
59
64
69
74
79
84
89
94
99

1.3E+00 40
1.3E+00 45
1.3E+00 50
1.3E+00 55
1.3E+00 60
1.3E+00 65
1.3E+00 70
1.3E+00 75
1.3E+00 80
1.3E+00 85
1.3E+00 90
1.3E+00 95
1.3E+00 100

TC99 33 6.2E+00 34 7.9E+00
39
44
49
54
59
64
69
74
79
84
89
94
99

7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00

40
45
50
55
60
65
70
75
80
85
90
95

100
1129 33 5.5E-03 34 7.0E-03 3

1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00

41
46
51
56
61
66
71
76
81
86
91
96

1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00

42
47
52
57
62
67
72
77
82
87
92
97

1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00

1.3E+00 101 1.0E-01
35 7.9E+00 36 7.9E+00 37 7.9E-
7.9E+00 41 7.9E+00 42 7.9E+00
7.9E+00 46 7.9E+00 47 7.9E+00
7.9E+00 51 7.9E+00 52 7.9E+00
7.9E+00 56 7.9E+00 57 7.9E+00
7.9E+00 61 7.9E+00 62 7.9E+00
7.9E+00 66 7.9E+00 67 7.9E+00
7.9E+00 71 7.9E+00 72 7.9E+00
7.9E+00 76 7.9E+00 77 7.9E+00
7.9E+00 81 7.9E+00 82 7.9E+00
7.9E+00 86 7.9E+00 87 7.9E+0
7.9E+00 91 7.9E+00 92 7.9E+0(
7.9E+00 96 7.9E+00 97 7.9E+00
7.9E+00 101 6.2E-01

5 7.0E-03 36 7.0E-03 37 7.0E-03
38 7.0E-03 39 7.0E-03 40 7.0E-03 41 7.OE-03 42 7.0E-03

38
43
48
53
58
63
68
73
78
83
88
93
98

1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00

+00
38
43
48
53
58
63
68
73
78
83
88
93
98

7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00



43 7.OE-03 44 7.0E-03 45 7.OE-03 46 7.OE-03 47 7.OE-03
48 7.OE-03 49 7.OE-03 50 7.OE-03 51 7.0E-03 52 7.OE-03
53 7.OE-03 54 7.0E-03 55 7.OE-03 56 7.OE-03 57 7.OE-03
58 7.OE-03 59 7.OE-03 60 7.OE-03 61 7.OE-03 62 7.OE-03
63 7.0E-03 64 7.OE-03 65 7.OE-03 66 7.OE-03 67 7.OE-03
68 7.OE-03 69 7.OE-03 70 7.OE-03 71 7.0E-03 72 7.OE-03
73 7.OE-03 74 7.OE-03 75 7.OE-03 76 7.OE-03 77 7.0E-03
78 7.OE-03 79 7.OE-03 80 7.OE-03 81 7.OE-03 82 7.OE-03
83 7.OE-03 84 7.OE-03 85 7.OE-03 86 7.OE-03 87 7.OE-03
88 7.OE-03 89 7.OE-03 90 7.OE-03 91 7.OE-03 92 7.OE-03
93 7.OE-03 94 7.OE-03 95 7.OE-03 96 7.0E-03 97 7.OE-03
98 7.OE-03 99 7.OE-03 100 7.OE-03 101 5.5E-04

U 238 33 3.6E-01 34 4.5E-01 35 4.5E-01 36 4.5E-01 37 4.5E-01
4.5E-01 39
4.5E-01 44
4.5E-01 49
4.5E-01 54
4.5E-01 59
4.5E-01 64
4.5E-01 69
4.5E-01 74
4.5E-01 79
4.5E-01 84
4.5E-01 89
4.5E-01 94
4.5E-01 99
33 1.3E-02
1.6E-02 39
1.6E-02 44
1.6E-02 49
1.6E-02 54
1.6&02 59
1.6E-02 64
1.6E-02 69
1.6E-02 74
1.6E-02 79
1.6E-02 84
1.6E-02 89
1.6E-02 94
1.6E-02 99

4.5E-01 40 4.5E-01 41 4.5E-01 42
4.5E-01 45 4.5E-01 46 4.5E-01 47
4.5E-01 50 4.5E-01 51 4.5E-01 52
4.5E-01 55 4.5E-01 56 4.5E-01 57
4.5E-01 60 4.5E-01 61 4.5E-01 62
4.5E-01 65 4.5E-01 66 4.5E-01 67
4.5E-01 70 4.5E-01 71 4.5E-01 72
4.5E-01 75 4.5E-01 76 4.5E-01 77
4.5E-01 80 4.5E-01 81 4.5E-01 82
4.5E-01 85 4.5E-01 86 4.5E-01 87
4.5E-01 90 4.5E-01 91 4.5E-01 92
4.5E-01 95 4.5E-01 96 4.5E-01 97
4.5E-01 100 4.5E-01 101 3.5E-02
34 1.6E-02 35 1.6E-02 36 1.6E-02
1.6E-02 40 1.6E-02 41 1.6E-02 42
1.6E-02 45 1.6E-02 46 1.6E-02 47
1.6E-02 50 1.6E-02 51 1.6E-02 52
1.6E-02 55 1.6E-02 56 1.6E-02 57
1.6E-02 60 1.6E-02 61 1.6E-02 62
1.6E-02 65 1.6E-02 66 1.6E-02 67
1.6E-02 70 1.6E-02 71 1.6E-02 72
1.6E-02 75 1.6E-02 76 1.6E-02 77
1.6E-02 80 1.6E-02 81 1.6E-02 82
1.6E-02 85 1.6E-02 86 1.6E-02 87
1.6E-02 90 1.6E-02 91 1.6E-02 92
1.6E-02 95 1.6E-02 96 1.6E-02 97
1.6E-02 100 1.6E-02 101 1.3E-03

4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01

37 1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02

38
43
48
53
58
63
68
73
78
83
88
93
98

NP237
38
43
48
53
58
63
68
73
78
83
88
93
98



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
Executed on: 06/21/96 at 07:04:30.8 Page 3

---- POPULATION DATA ---------------------------

Population for Chronic Waterborne Release at the following Times A.D.:

Time Population

1990. 2.9E+05
2100. 3.9E+05
2200. 4.3E+05
2300. 4.7E+05
2990. 1.3E+06
11900. 4.9E+06

N



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
Executed on: 06/21/96 at 07:04:30.8 Page 4

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

until until
34 4300. 6.80E+00
35 4370. 1.55E+01
36 4440. 2.44E+01
37 4510. 3.34E+01
38 4580. 4.25E+01
39 4650. 5.18E+01
40 4720. 6.12E+01
41 4790. 7.07E+01
42 4860. 8.04E+01
43 4930. 9.02E+01
44 5000. 1.00E+02
45 5070. 1.10E+02
46 5140. 1.20E+02
47 5210. 1.31E+02
48 5280. 1.41E+02
49 5350. 1.52E+02
50 5420. 1.63E+02
51 5490. 1.74E+02
52 5560. 1.85E+02
53 5630. 1.96E+02
54 5700. 2.07E+02
55 5770. 2.19E+02
56 5840. 2.30E+02
57 5910. 2.42E+02
58 5980. 2.54E+02
59 6050. 2.66E+02
60 6120. 2.78E+02
61 6190. 2.90E+02
62 6260. 3.03E+02



63 6330. 3.15E+02
64 6400. 3.28E+02
65 6470. 3.41E+02
66 6540. 3.54E+02
67 6610. 3.67E+02
68 6680. 3.80E+02
69 6750. 3.94E+02
70 6820. 4.07E+02
71 6890. 4.21E+02
72 6960. 4.35E+02
73 7030. 4.48E+02
74 7100. 4.63E+02
75 7170. 4.77E+02



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
Executed on: 06/21/96 at 07:04:30.8 Page 5

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

76 7240. 4.91E+02
77 7310. 5.06E+02
78 7380. 5.20E+02
79 7450. 5.35E+02
80 7520. 5.50E+02
81 7590. 5.65E+02
82 7660. 5.80E+02
83 7730. 5.95E+02
84 7800. 6.11E+02
85 7870. 6.26E+02
86 7940. 6.42E+02
87 8010. 6.58E+02
88 8080. 6.74E+02
89 8150. 6.90E+02
90 8220. 7.06E+02
91 8290. 7.23E+02
92 8360. 7.39E+02
93 8430. 7.56E+02
94 8500. 7.73E+02
95 8570. 7.90E+02
96 8640. 8.07E+02
97 8710. 8.24E+02
98 8780. 8.41E+02
99 8850. 8.59E+02
100 8920. 8.77E+02
101 8990. 8.94E+02
102 9060. 8.96E+02

until until
144 12000. 8.96E+02



Dose in units of person-rem;
that is the cumulative population dose received by the local population
over 10,000 years with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
Executed on: 06/21/96 at 07:04:30.8 Page 6

Cumulative Population Dose Equivalent by Radionuclide

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 4.5E+01 2.1E-03 4.5E+01 5
TC 99 5.OE+02 3.1E-04 5.OE+02 55
1 129 l.OE+01 3.2E-05 1.OE+01 1
U 238 1.5E+02 3.2E-05 1.5E+02 17
TH 234 1.6E-02 2.1E-02 3.7E-02 0
PA 234 5.4E-05 3.3E-03 3.3E-03 0
NP 237 2.OE+02 9.8E-04 2.OE+02 21
PA 233 2.OE-03 2.3E-02 2.5E-02 0

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
Executed on: 06/21/96 at 07:04:30.8 Page 7
------------------------------------------------------

Maximum Dose Increment Received By Population
In Year 9060 (70-yr Time Period Number No: 101)

Weighted
Cumulative Cumulative

Dose Weighting Dose
Organ Equivalent Factors Equivalent

Gonads
Breast
R Marrow
Lung
Thyroid
Bone Sur
Stomach
LL Int.
Kidneys
UL Int.

2.7E+00
2.1E+00

1.2E+01
2.1E+00
3.3E+01
1.3E+02
1.1E+02

2.2E+01
2.OE+01

8.6E+00

2.5E-01
1.5E-01

1.2E-0l
1.2E-01
3.OE-02
3.OE-02
6.OE-02

6.OE-02
6.OE-02

6.OE-02
Liver 5.2E+00 6.OE-02

6.7E-0 1
3.1E-01

1.5E+00
2.5E-01

1.OE+00
3.9E+00
6.8E+00

1.3E+00
1.2E+00

5.1E-01
3.1E-01

Cumulative Effective Dose Equivalent 1.8E+01
External Dose 1.OE-03

Lifetime Effective Cumulative
Dose Equivalent 1.8E+01

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
Executed on: 06/21/96 at 07:04:30.8 Page 8

Maximum Dose Increment Received By Individual (rem)
In Year 9060 (70-yr Time Period Number No: 101)

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 2.4E-07 1.1E-11 2.4E-07 5
TC 99 2.7E-06 1.6E-12 2.7E-06 55
1 129 5.4E-08 1.7E-13 5.4E-08 I
U 238 8.2E-07 1.7E-13 8.2E-07 17
TH 234 8.6E-11 1.1E-10 2.0E-10 0
PA 234 2.9E-13 1.8E-11 1.8E-11 0
NP 237 1.OE-06 5.2E-12 1.OE-06 21
PA 233 1OE-11 1.2E-10 1.3E-10 0



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
Executed on: 06/21/96 at 07:04:30.8 Page 9

Population Internal Dose To Organ by Radionuclide
In Year 9060 (70-yr Time Period Number No: 101)

Radionuclide Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

C 14 9.2E-01 9.2E-01 9.2E-01 9.2E-01 9.2E-01 1.1E+00 1.1E+00 9.2E-01
TC 99 1.OE+00 1.1E+02 2.OE+00 6.8E+00 1.8E+01 1.2E+00 1.2E+00 1.OE+00
1 129 4.5E-04 6.2E-04 3.9E-04 3.9E-04 3.9E-04 5.3E-04 5.8E-04 3.6E-04
U 238 1.2E-01 1.6E-01 2.3E-01 8.OE-01 2.3E+00 4.1E+01 2.8E+00 liE-01
TH 234 2.4E-06 8.8E-05 2.1E-04 1.3E-03 3.8E-03 1.8E-06 1.5E-06 2.OE-07
PA 234 2.8E-08 1.4E-06 2.8E-06 5.8E-06 4.8E-06 5.OE-08 1.4E-07 4.3E-08
NP 237 5.4E-04 5.OE-03 1.2E-02 6.6E-02 2.OE-01 8.8E+01 7.1E+00 6.OE-01
PA 233 1.7E-07 1.IE-05 3.2E-05 1.4E-04 4.1E-04 4.OE-06 2.8E-06 8.5E-07

Total internal 2.1E+00 1.1E+02 3.2E+00 8.6E+00 2.2E+01 1.3E+02 1.2E+0l 2.7E+00

Radionuclide Ovaries Muscle Thyroid Kidneys Liver

C 14 9.2E-01 9.2E-01 9.2E-01 0.OE+00 0.OE+00
TC 99 1.OE+00 1.0E+00 2.6E+01 0.0E+00 1.4E+00
1 129 3.9E-04 9.4E-04 6.7E+00 0.OE+00 0.OE+00
U 238 1.2E-01 1.1E-01 1.2E-01 2.OE+01 0.OE+00
TH 234 2.5E-06 2.9E-07 2.6E-08 0.OE+00 3.5E-07
PA 234 6.OE-07 9.1E-08 3.3E-09 1.5E-07 1.1E-07
NP 237 6.OE-01 4.8E-04 3.6E-04 0.OE+00 3.8E+00
PA 233 1.OE-05 1.1E-06 2.OE-08 1.4E-06 9.6E-07

Total internal 2.7E+00 2.1E+00 3.3E+01 2.OE+01 5.2E+00

Population Air Submersion and External Incremental Dose by Radionuclide
In Year 9060 (70-yr Time Period Number No: 101)



Air
Submer- Exter-

Radionuclide sion nal

C 14 5.2E-114.1E-05
TC 99 5.OE-12 6.1E-06
1 129 1.OE-12 6.3E-07
U 238 1.OE-12 6.3E-07
TH 234 1.7E-10 4.2E-04
PA 234 2.4E- 11 6.5E-05
NP 237 3.8E-12 1.9E-05
PA 233 6.1E-11 4.6E-04

Total external 3.1E-10 1.OE-03

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
Executed on: 06/21/96 at 07:04:30.8 Page 10
-------------------------------- ---------------------

Population Internal Dose To Organ by Exposure Pathway

In Year 9060 (70-yr Time Period Number No: 101)

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes
-------- --- --- --- ------ ------- ------- ------- -------

Inhalation 8.3E-03 2.1E-05 1.8E-05 1.8E-05 2.0E-05 3.6E-03 3.OE-04 4.4E-05

Ingestion (Terr) 1.4E+00 1.1E+02 2.4E+00 7.5E+00 2.OE+01 6.6E+01 6.4E+00 1.7E+00
Ingestion (Aqua) 5.7E-01 6.3E-01 5.7E-01 6.1E-01 7.OE-01 3.7E+01 3.6E+00 8.1E-01
Drinking Water 9.9E-02 2.2E+00 1.6E-01 4.6E-01 1.2E+00 2.9E+01 2.2E+00 2.0E-01
--------------------- ---- ------- ------- ------- -------

Total internal 2.1E+00 1.1E+02 3.2E+00 8.6E+00 2.2E+01 1.3E+02 1.2E+01 2.7E+00

Pathway Ovaries Muscle Thyroid Kidneys Liver

Inhalation 4.4E-05 1.8E-05 1.9E-05 1.4E-05 1.6E-04
Ingestion (Terr) 1.7E+00 1.4E+00 3.2E+01 1.3E+01 3.0E+00
Ingestion (Aqua) 8.1E-01 5.7E-01 5.9E-01 3.5E-01 1.6E+00
Drinking Water 2.0E-01 9.9E-02 1.2E+00 7.IE+00 6.6E-01

Total internal 2.7E+00 2.1E+00 3.3E+01 2.OE+01 5.2E+00

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)
5

C 14
1129
NP237
TC99
U 238
&INPUT IWAT=1, IPATH=2, LUW=1, IPOPL=2,
CFLO=120000.,
RM=1.0, TZ=1990., TZR=0.,
PL1(1)=294830.,391538.,431210.,469891.,1273208.,4932964.,
TL(1)=1990., 2100.,2200.,2300.,2990.,11900.,
NTL=6,
USAGE(1)=0.3,0.,0.,0.,438.,17.,17.,
CONSUM(1)=15.,276.,20.,230.,40.,30.,8.5,
EXTIM=2920.,MOPYR=6, RIRR=150.,
GRWP(1)=90.,90.,90.,30.,3*90.,
YELD(1)=1.5,4.,0.84,1.3,3*0.84,

&END
5

C 14 5
1990. 0.0
4244. 0.0
4245. 0.0183
8995. 0.0183
8996. 0.0
1129 5
1990. 0.0
4244. 0.0
4245. 0.0001
8995. 0.0001
8996. 0.0
NP237 5
1990. 0.0
4244. 0.0
4245. 0.00023
8995. 0.00023
8996. 0.0
TC99 5
1990. 0.0
4244. 0.0
4245. 0.1126
8995. 0.1126
8996. 0.0
U 238 5



1990. 0.0
4244. 0.0
4245. 0.0064
8995. 0.0064
8996. 0.0



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)
Executed on: 06/21/96 at 07:02:01.6 Page 1

- DATA LIBRARIES USED ------------------- --- (File)-

Master Radionuclide Data: (2)
Radionuclide Master Library - Long Times (23-July-93 PDR)

Food Concentration Ratios: (8)
PNL Food Transfer Factor Library (by Z, Changed NP&U LF 6/18/96 AMN)

Fresh Water Bioaccumulation Factors: (9)
Bioaccumulation Factor Library - (30-Aug-88) RAP

External Exposure D.F.'s: (10)
External Dose Factors for GENII in person Sv/yr per Bq/X (8-May-90 RAP)

Inhalation/Ingestion D.F.'s: (30)
Worst-Case Solubilities, DITTY Internal Dose Factors (Sv/Bq) (23-Jul-93 PDR)

Waterborne Release Data: (31)
DITTY.IN

-- MASTER RADIONUCLIDE CONTROL LIST ---------------------
C 14 TC99 1129 U238 TH234 PA234 NP237
PA233

- TERRESTRIAL/AQUATIC PATHWAY DATA FOR AN AVERAGE INDIVIDUAL

Growing
Pathway Period Yield Consumption Pathway Usage

(days) (kg/m2) (kg/yr) (kg or hr/yr)

LEAFY VEG 9.0E+01 1.5E+00 1.5E+01 FISH 3.0E-01
OTHER VEG 9.OE+01 4.OE+00 2.8E+02 CRUSTACEA 0.OE+00
EGGS 9.OE+01 8.4E-01 2.OE+01 MOLLUSES 0.OE+00
MILK 3.OE+01 1.3E+00 2.3E+02 PLANTS 0.OE+00
BEEF 9.OE+01 8.4E-01 4.OE+01 DRINKING WATER 4.4E+02
PORK 9.OE+01 8.4E-01 3.OE+01 SEDIMENT EXPOSU 1.7E+01
POULTRY 9.OE+01 8.4E-01 8.5E+00 SWIMMING TIME 1.7E+01



External Exposure Time: 2.92E+03 hr/yr

-- LIQUID RELEASE PARAMETERS ---------------------------

River Flow Rate, (ft3/sec) : 1.2E+05 Months/Year Irrigated : 6.OE+00
Reconceritration Ratio
Mixing Ratio

Input Prepared By:

Input Checked By:

: 1.OE+00 Irrigation Rate
1.OE+00 (liters/m2/month) : 1.5E+02

Date:

Date:



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)
Executed on: 06/21/96 at 07:02:01.6 Page 2

-- WATER RELEASE OF EACH RADIONCLIDE PER 70-YR PERIOD (Ci) ----- --

Radio- Period/
nuclide Activity

Period/
Activity

Period/
Activity

Period/ Period/
Activity Activity

C 14 33 1.OE+00 34 1.3E+00 35 1.3E+00 36 1.3E+00 37 1.3E+00
38 1.3E+00 39 1.3E+00 40 1.3E+00 41 1.3E+00 42 1.3E+00
43 1.3E+00 44 1.3E+00 45 1.3E+00 46 1.3E+00 47 1.3E+00
48 1.3E+00 49 1.3E+00 50 1.3E+00 51 1.3E+00 52 l.3E+00
53 l.3E+00 54 1.3E+00 55 1.3E+00 56 1.3E+00 57 1.3E+00
58 1.3E+00 59 1.3E+00 60 1.3E+00 61 1.3E+00 62 1.3E+00
63 1.3E+00 64 L3E+00 65 1.3E+00 66 1.3E+00 67 1.3E+00
68 1.3E+00 69 1.3E+00 70 1.3E+00 71 1.3E+00 72 1.3E+00
73 1.3E+00 74 1.3E+00 75 1.3E+00 76 1.3E+00 77 1.3E+00
78 1.3E+00 79 1.3E+00 80 1.3E+00 81 1.3E+00 82 1.3E+00
83 1.3E+00 84 1.3E+00 85 1.3E+00 86 1.3E+00 87 1.3E+00
88 1.3E+00 89 1.3E+00 90 1.3E+00 91 1.3E+00 92 1.3E+00
93 1.3E+00 94 1.3E+00 95 l.3E+00 96 1.3E+00 97 1.3E+00
98 1.3E+00 99 1.3E+00 100 1.3E+00 101 1.OE-01

TC99 33 6.2E+00 34 7.9E+00 35 7.9E+00 36 7.9E+00 37 7.9E
38 7.9E+00 39 7.9E+00 407.9E+00 41 7.9E+00 42 7.9E+00
43 7.9E+00 44 7.9E+00 45 7.9E+00 46 7.9E+00 47 7.9E+00
48 7.9E+00 49 7.9E+00 50 7.9E+00 51,7.9E+00 52 7.9E+00
53 7.9E+00 54 7.9E+00 55 7.9E+00 56 7.9E+00 57 7.9E+00
58 7.9E+00 59 7.9E+00 60 7.9E+00 61 7.9E+00 62 7.9E+00
63 7.9E+00 64 7.9E+00 65 7.9E+00 66 7.9E+00 67 7.9E+0(
68 7.9E+00 69 7.9E+00 70 7.9E+00 71 7.9E+00 72 7.9E+00
73 7.9E+00 74 7.9E+00 75 7.9E+00 76 7.9E+00 77 7.9E+0(
78 7.9E+00 79 7.9E+00 80 7.9E+00 81 7.9E+00 82 7.9E+0(
83 7.9E+00 84 7.9E+00 85 7.9E+00 86 7.9E+00 87 7.9E+0(
88 7.9E+00 89 7.9E+00 90 7.9E+00 91 7.9E+00 92 7.9E+0(
93 7.9E+00 94 7.9E+00 95 7.9E+00 96 7.9E+00 97 7.9E+0(
98 7.9E+00 99 7.9E+00 100 7.9E+00 101 6.2E-01

1129 33 5.5E-03 34 7.OE-03 35 7.OE-03 36 7.OE-03 37 7.OE-03
38 7.OE-03 39 7.OE-03 40 7.OE-03 41 7.OE-03 42 7.0E-03

+00



43 7.OE-03
48 7.OE-03
53 7.OE-03
58 7.OE-03
63 7.OE-03
68 7.OE-03
73 7.OE-03
78 7.OE-03
83 7.OE-03
88 7.OE-03
93 7.OE-03
98 7.OE-03

44 .7.OE-03 45 7.OE-03
49 7.OE-03 50 7.OE-03
54 7.OE-03 55 7.OE-03
59 7.OE-03 60 7.OE-03
64 7.0E-03 65 7.OE-03
69 7.OE-03 70 7.OE-03
74 7.OE-03 75 7.OE-03
79 7.OE-03 80 7.OE-03
84 7.OE-03 85 7.OE-03
89 7.OE-03 90 7.OE-03
94 7.OE-03 95 7.OE-03
99 7.OE-03 100 7.OE-03

46 7.OE-03
51 7.OE-03
56 7.OE-03
61 7.OE-03
66 7.OE-03
71 7.OE-03
76 7.OE-03
81 7.OE-03
86 7.OE-03
91 7.OE-03
96 7.OE-03
101 5.5E-04

47 7.OE-03
52 7.OE-03
57 7.OE-03
62 7.OE-03
67 7.OE-03
72 7.OE-03
77 7.OE-03
82 7.OE-03
87 7.OE-03
92 7.OE-03
97 7.OE-03

U 238 33 3.6E-01 34 4.5E-01 35 4.5E-01 36 4.5E-01 37 4.5E-01
38 4.5E-01 39
43 4.5E-01 44
48 4.5E-01 49
53 4.5E-01 54
58 4.5E-01 59
63 4.5E-01 64
68 4.5E-01 69
73 4.5E-01 74
78 4.5E-01 79
83 4.5E-01 84
88 4.5E-01 89
93 4.5E-01 94
98 4.5E-01 99

NP237 33 1.3E-02
38 1.6E-02 39
43 1.6E-02 44
48 1.6E-02 49
53 1.6E-02 54
58 1.6E-02 59
63 1.6E-02 64
68 1.6E-02 69
73 1.6E-02 74
78 1.6E-02 79
83 1.6E-02 84
88 1.6E-02 89
93 1.6E-02 94
98 1.6E-02 99

4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01

40 4.5E-01
45 4.5E-01
50 4.5E-01
55 4.5E-01
60 4.5E-01
65 4.5E-01
70 4.5E-01
75 4.5E-01
80 4.5E-01
85 4.5E-01

4.5E-01 90 4.5E-01
4.5E-01 95 4.5E-01
4.5E-01 100 4.5E-01
34 1.6E-02 35 1.6E-
1.6E-02 40
1.6E-02 45
1.6E-02 50
1.6E-02 55
1.6E-02 60
1.6E-02 65
1.6E-02 70
1.6E-02 75
1.6E-02 80
1.6E-02 85
1.6E-02 90

1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02

41 4.5E-01
46 4.5E-01
51 4.5E-01
56 4.5E-01
61 4.5E-01
66 4.5E-01
71 4.5E-01
76 4.5E-01
81 4.5E-01
86 4.5E-01

42
47
52
57
62
67
72
77
82
87

91 4.5E-01 92
96 4.5E-01 97
101 3.5E-02
02 36 1.6E-02
41 1.6E-02 42
46 1.6E-02 47
51 1.6E-02 52
56 1.6E-02 57
61 1.6E-02 62
66 1.6E-02 67
71 1.6E-02 72
76 1.6E-02 77
81 1.6E-02 82
86 1.6E-02 87
91 1.6E-02 92

1.6E-02 95 1.6E-02 96 1.6E-02 97
1.6E-02 100 1.6E-02 101 1.3E-03

4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01

37 1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)
Executed on: 06/21/96 at 07:02:01.6 Page 3

-- POPULATION DATA -----------------------------

Population for Chronic Waterborne Release at the following Times A.D.:

Time Population

1990. 2.9E+05
2100. 3.9E+05
2200. 4.3E+05
2300. 4.7E+05
2990. 1.3E+06
11900. 4.9E+06



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)
Executed on: 06/21/96 at 07:02:01.6 Page 4

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

until until
34 4300. 6.80E+00
35 4370. 1.55E+01
36 4440. 2.44E+01
37 4510. 3.34E+01
38 4580. 4.25E+01
39 4650. 5.18E+01
40 4720. 6.12E+01
41 4790. 7.07E+01
42 4860. 8.04E+01
43 4930. 9.02E+01
44 5000. l.OOE+02
45 5070. 1.10E+02
46 5140. 1.20E+02
47 5210. 1.31E+02
48 5280. 1.41E+02
49 5350. 1.52E+02
50 5420. 1.63E+02
51 5490. 1.74E+02
52 5560. 1.85E+02
53 5630. 1.96E+02
54 5700. 2.07E+02
55 5770. 2.19E+02
56 5840. 2.30E+02
57 5910. 2.42E+02
58 5980. 2.54E+02
59 6050. 2.66E+02
60 6120. 2.78E+02
61 6190. 2.90E+02
62 6260. 3.03E+02



63 6330. 3.15E+02
64 6400. 3.28E+02
65 6470. 3.41E+02
66 6540. 3.54E+02
67 6610. 3.67E+02
68 6680. 3.80E+02
69 6750. 3.94E+02
70 6820. 4.07E+02
71 6890. 4.21E+02
72 6960. 4.3 5E+02
73 7030. 4.48E+02
74 7100. 4.63E+02
75 7170. 4.77E+02



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)

Executed on: 06/21/96 at 07:02:01.6 Page 5
-------------------------------------------------------

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

76 7240. 4.91E+02
77 7310. 5.06E+02
78 7380. 5.20E+02
79 7450. 5.35E+02
80 7520. 5.50E+02
81 7590. 5.65E+02
82 7660. 5.80E+02
83 7730. 5.95E+02
84 7800. 6.11E+02
85 7870. 6.26E+02
86 7940. 6.42E+02
87 8010. 6.58E+02
88 8080. 6.74E+02
89 8150. 6.90E+02
90 8220. 7.06E+02
91 8290. 7.23E+02
92 8360. 7.39E+02
93 8430. 7.56E+02
94 8500. 7.73E+02
95 8570. 7.90E+02
96 8640. 8.07E+02
97 8710. 8.24E+02
98 8780. 8.41E+02
99 8850. 8.59E+02
100 8920. 8.77E+02
101 8990. 8.94E+02
102 9060. 8.96E+02

until until
144 12000. 8.96E+02

I



Dose in units of person-rem;
that is the cumulative population dose received by the local population
over 10,000 years with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)
Executed on: 06/21/96 at 07:02:01.6 Page 6

Cumulative Population Dose Equivalent by Radionuclide

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 4.5E+01 2.1E-03 4.5E+01 5
TC 99 5.OE+02 3.1E-04 5.OE+02 55
1 129 1.OE+01 3.2E-05 1.OE+01 1
U 238 1.5E+02 3.2E-05 1.5E+02 17
TH 234 1.6E-02 2.1E-02 3.7E-02 0
PA 234 5.4E-05 3.3E-03 3.3E-03 0
NP 237 2.OE+02 9.8E-04 2.OE+02 21
PA 233 2.OE-03 2.3E-02 2.5E-02 0

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)
Executed on: 06/21/96 at 07:02:01.6 Page 7
------------------------------------------------------

Maximum Dose Increment Received By Population
In Year 9060 (70-yr Time Period Number No: 101)

Cu
D

Organ

Gonads
Breast
R Marrow
Lung
Thyroid
Bone Sur
Stomach
LL Int.
Kidneys
UL Int.
Liver

Weighted
nulative Cumulative
ose Weighting Dose
Equivalent Factors Equivalent

2.7E+00 2.5E-01 6.7E-01
2.1E+00 1.5E-01 3.lE-01

1.2E+01 1.2E-01 1.5E+00
2.JE+00 1.2E-01 2.5E-01
3.3E+01 3.OE-02 1.OE+00
1.3E+02 3.OE-02 3.9E+00
1.1E+02 6.OE-02 6.8E+00

2.2E+01 6.OE-02 1.3E+00
2.0E+01 6.OE-02 1.2E+00

8.6E+00 6.OE-02 5.1E-01
5.2E+00 6.OE-02 3.1E-01

Cumulative Effective Dose Equivalent
External Dose .OE-03

Lifetime Effective Cumulative
Dose Equivalent

1.8E+01

1.8E+01

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dee-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)
Executed on: 06/21/96 at 07:02:01.6 Page 8

Maximum Dose Increment Received By Individual (rem)
In Year 9060 (70-yr Time Period Number No: 101)

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 2.4E-07 1.1E-11 2.4E-07 5
TC 99 2.7E-06 1.6E-12 2.7E-06 55
1 129 5.4E-08 1.7E-13 5.4E-08 1
U 238 8.2E-07 1.7E-13 8.2E-07 17
TH 234 8.6E-11 LiE-10 2.OE-10 0
PA 234 2.9E-13 1.8E-11 1.8E-11 0
NP 237 1.OE-06 5.2E-12 1.OE-06 21
PA 233 .OE-1I 1.2E-10 1.3E-10 0



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)
Executed on: 06/21/96 at 07:02:01.6 Page 9

Population Internal Dose To Organ by Radionuclide
In Year 9060 (70-yr Time Period Number No: 101)

Radionuclide Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

C 14 9.2E-01 9.2E-01 9.2E-01 9.2E-01 9.2E-01 .lE+00 1.1E+00 9.2E-01
TC 99 1.OE+00 1.lE+02 2.OE+00 6.8E+00 1.8E+01 1.2E+00 1.2E+00 l.OE+00
I 129 4.5E-04 6.2E-04 3.9E-04 3.9E-04 3.9E-04 5.3E-04 5.8E-04 3.6E-04
U 238 1.2E-01 1.6E-01 2.3E-01 8.0E-01 2.3E+00 4.IE+01 2.8E+00 1.IE-01
TH 234 2.4E-06 8.8E-05 2.lE-04 1.3E-03 3.8E-03 1.8FE06 1.5E-06 2.OE-07
PA 234 2.8E-08 1.4E-06 2.8E-06 5.8E-06 4.8E-06 5.OE-08 1.4E-07 4.3E-08
NP 237 5.4E-04 5.OE-03 1.2E-02 6.6E-02 2.OE-01 8.8E+01 7.1E+00 6.OE-01
PA 233 1.7E-07 1.E-05 3.2E-05 1.4E-04 4.lE-04 4.OE-06 2.8E-06 8.5E-07

Total internal 2.1E+00 1.1E+02 3.2E+00 8.6E+00 2.2E+01 1.3E+02 1.2E+01 2.7E+00

Radionuclide Ovaries Muscle Thyroid Kidneys Liver

C 14 9.2E-01 9.2E-01 9.2E-01 0.0E+00 0.OE+00
TC 99 1.OE+00 1.OE+00 2.6E+01 0.OE+00 1.4E+00
1 129 3.9E-04 9.4E-04 6.7E+00 0.OE+00 0.OE+00
U 238 1.2E-01 1.IE-01 1.2E-01 2.OE+01 0.OE+00
TH 234 2.5E-06 2.9E-07 2.6E-08 0.0E+00 3.5E-07
PA 234 6.OE-07 9.1E-08 3.3E-09 1.5E-07 1.1E-07
NP 237 6.0E-01 4.8E-04 3.6E-04 0.0E+00 3.8E+00
PA 233 l.OE-05 I.1E-06 2.OE-08 1.4E-06 9.6E-07

Total internal 2.7E+00 2.1E+00 3.3E+01 2.0E+01 5.2E+00

opulation Air Submersion and External Incremental Dose by Radionuclide
In Year 9060 (70-yr Time Period Number No: 101)



Air
Submer- Exter-

Radionuclide sion nal

C 14 5.2E-11 4.1E-05
TC 99 5.OE-12 6.1E-06
I 129 1.OE-12 6.3E-07
U 238 l.OE-12 6.3E-07
TH 234 1.7E-10 4.2E-04
PA 234 2.4E-11 6.5E-05
NP 237 3.8E-12 1.9E-05
PA 233 6.1E-11 4.6E-04

Total external 3.1E-10 1.OE-03

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)
Executed on: 06/21/96 at 07:02:01.6 Page 10
-------------------------------------------------------

Population Internal Dose To Organ by Exposure Pathway

In Year 9060 (70-yr Time Period Number No: 101)

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

Inhalation 8.3E-03 2.IE-05 1.8E-05 1.SE-05 2.OE-05 3.6E-03 3.OE-04 4.4E-05
Ingestion (Terr) 1.4E+00 1.IE+02 2.4E+00 7.5E+00 2.OE+01 6.6E+01 6.4E+00 1.7E+00
Ingestion (Aqua) 5.7E-01 6.3E-01 5.7E-01 6.1E-01 7.OE-01 3.7E+01 3.6E+00 8.1E-01
Drinking Water 9.9E-02 2.2E+00 1.6E-01 4.6E-01 1.2E+00 2.9E+01 2.2E+00 2.OE-01

Total internal 2.1E+00 1.IE+02 3.2E+00 8.6E+00 2.2E+01 1.3E+02 1.2E+01 2.7E+00

Pathway Ovaries Muscle Thyroid Kidneys Liver

Inhalation 4.4E-05 1.8E-05 1.9E-05 1.4E-05 1.6E-04
Ingestion (Terr) 1.7E+00 1.4E+00 3.2E+01 1.3E+01 3.OE+00
Ingestion (Aqua) 8.1E-01 5.7E-01 5.9E-0l 3.5E-0I 1.6E+00
Drinking Water 2.OE-01 9.9E-02 1.2E+00 7.1E+00 6.6E-01

Total internal 2.7E+00 2.1E+00 3.3E+01 2.OE+01 5.2E+00

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Long-Tern Surface Water Release TWRS-EIS (Ex Situ No Sepa.)
5

C 14
1129
NP237
TC99
U 238
&INPUT IWAT=1, IPATH=2, LUW=1, IPOPL=2,
CFLO=120000.,
RM=1.0, TZ=1990., TZR=0.,
PL1(1)=294830.,391538.,431210.,469891.,1273208.,4932964.,
TL(1)=1990., 2100.,2200.,2300.,2990.,11900.,
NTL=6,
USAGE(1)=0.3,0.,0.,O.,438.,17.,17.,
CONSUM(1)=15.,276.,20.,230.,40.,30.,8.5,
EXTIM=2920.,MOPYR=6, RIRR=150.,
GRWP(1)=90.,90.,90.,30.,3*90.,
YELD(1)=1.5,4.,0.84,1.3,3*0.84,

&END
5

C 14 5
1990. 0.0
4244. 0.0
4245. 0.0183
8995. 0.0183
8996. 0.0
1129 5
1990. 0.0
4244. 0.0
4245. 0.0001
8995. 0.0001
8996. 0.0
NP237 5
1990. 0.0
4244. 0.0
4245. 0.00023
8995. 0.00023
8996. 0.0
TC99 5
1990. 0.0
4244. 0.0
4245. 0.1126
8995. 0.1126
8996. 0.0
U 238 5



1990. 0.0
4244. 0.0
4245. 0.0064
8995. 0.0064
8996. 0.0



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ No Sepa.)
Executed on: 06/21/96 at 07:03:13.0 Page 1

-- DATA LIBRARIES USED ------------------------ (File)--

Master Radionuclide Data: (2)
Radionuclide Master Library - Long Times (23-July-93 PDR)

Food Concentration Ratios: (8)
PNL Food Transfer Factor Library (by Z, Changed NP&U LF 6/18/96 AMN)

Fresh Water Bioaccumulation Factors: (9)
Bioaccumulation Factor Library - (30-Aug-88) RAP

External Exposure D.F.'s: (10)
External Dose Factors for GENII in person Sv/yr per Bq/X (8-May-90 RAP)

Inhalation/Ingestion D.F.'s: (30)
Worst-Case Solubilities, DITTY Internal Dose Factors (Sv/Bq) (23-Jul-93 PDR)

Waterbome Release Data: (31)
DITTY.IN

-- MASTER RADIONUCLIDE CONTROL LIST -----------------------
C 14 TC99 1129 U238 TH234 PA234 NP237
PA233

-- TERRESTRIAL/AQUATIC PATHWAY DATA FOR AN AVERAGE INDIVIDUAL

Growing
Pathway Period Yield Consumption Pathway Usage

(days) (kg/m2) (kg/yr) (kg or hr/yr)

LEAFY VEG 9.OE+01 1.5E+00 1.5E+01 FISH 3.OE-01
OTHER VEG 9.OE+01 4.OE+00 2.8E+02 CRUSTACEA 0.OE+00
EGGS 9.OE+01 8.4E-01 2.OE+01 MOLLUSES 0.0E+00
MILK 3.OE+01 l.3E+00 2.3E+02 PLANTS 0.OE+00
BEEF 9.OE+01 8.4E-01 4.OE+01 DRINKING WATER 4.4E+02
PORK 9.OE+01 8.4E-01 3.0E+01 SEDIMENT EXPOSU 1.7E+01
POULTRY 9.OE+01 8.4E-01 8.5E+00 SWIMMING TIME 1.7E+01

1



External Exposure Time: 2.92E+03 hr/yr

-- LIQUID RELEASE PARAMETERS --------------------------

River Flow Rate, (ft3/sec): 1.2E+05 Months/Year Irrigated: 6.OE+00
Reconcentration Ratio : 1.OE+00 Irrigation Rate
Mixing Ratio

Input Prepared By:

Input Checked By:

: 1.OE+00 (liters/m2/month) : 1.5E+02

Date:

Date:



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ No Sepa.)
Executed on: 06/21/96 at 07:03:13.0 Page 2

-- WATER RELEASE OF EACH RADIONCLIDE PER 70-YR PERIOD (Ci) ------

Radio- Period/
nuclide Activity

Period/
Activity

Period/
Activity

Period/
Activity

Period/
Activity

C 14 33 1.OE+00 34 1.3E+00 35 1.3E+00 36 1.3E+00 37 1.3E+00
38
43
48
53
58
63
68
73
78
83
88
93
98

1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00

39
44
49
54
59
64
69
74
79
84
89
94
99

1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00

40
45
50
55
60
65
70
75
80
85
90
95
100

1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00

41
46
51
56
61
66
71
76
81
86
91
96

1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00

42
47
52
57
62
67
72
77
82
87
92
97

1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00

1.3E+00 101 1.OE-01
TC99 33 6.2E+00 34 7.9E+00 35 7.9E+

39
44
49
54
59
64
69
74
79
84
89
94
99

7.9E+00 40
7.9E+00 45
7.9E+00 50
7.9E+00 55
7.9E+00 60
7.9E+00 65
7.9E+00 70
7.9E+00 75
7.9E+00 80
7.9E+00 85
7.9E+00 90
7.9E+00 95
7.9E+00 100

1129 33 5.5E-03 34 7.OE-03 35

7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.OE-03

00 36 7.9E+00 37 7.9E+00
41 7.9E+00 42 7.9E+00
46 7.9E+00 47 7.9E+00
51 7.9E+00 52 7.9E+00
56 7.9E+00 57 7.9E+00
61 7.9E+00 62 7.9E+00
66 7.9E+00 67 7.9E+00
71 7.9E+00 72 7.9E+00
76 7.9E+00 77 7.9E+00
81 7.9E+00 82 7.9E+00
86 7.9E+00 87 7.9E+00
91 7.9E+00 92 7.9E+00
96 7.9E+00 97 7.9E+00
101 6.2E-01
36 7.OE-03 37 7.OE-03

38 7.OE-03 39 7.OE-03 40 7.OE-03 41 7.OE-03 42 7.OE-03

38
43
48
53
58
63
68
73
78
83
88
93
98

7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00



43 7.OE-03 44
48 7.OE-03 49
53 7.OE-03 54
58 7.OE-03 59
63 7.OE-03 64
68 7.OE-03 69
73 7.OE-03 74
78 7.OE-03 79
83 7.OE-03 84
88 7.OE-03 89
93 7.OE-03 94
98 7.OE-03 99

U 238 33 3.6E-01
38 4.5E-01 39
43 4.5E-01 44
48 4.5E-01 49
53 4.5E-01 54
58 4.5E-01 59
63 4.5E-01 64
68 4.5E-01 69
73 4.5E-01 74
78 4.5E-01 79
83 4.5E-01 84
88 4.5E-01 89
93 4.5E-01 94
98 4.5E-01 99

NP237 33 1.3E-02
38 1.6E-02 39
43 1.6E-02 44
48 1.6E-02 49
53 1.6E-02 54
58 1.6E-02 59
63 1.6E-02 64
68 1.6E-02 69
73 1.6E-02 74
78 1.6E-02 79
83 1.6E-02 84
88 1.6E-02 89
93 1.6E-02 94
98 1.6E-02 99

7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03

45
50
55
60
65
70
75
80
85
90
95

7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03

46
51
56
61
66
71
76
81
86
91
96

7.0E-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03

47
52
57
62
67
72
77
82
87
92
97

7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.0E-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03

100 7.OE-03 101 5.5E-04
34 4.5E-01 35 4.5E-01 36 4.5E-01 37 4.5E-01
4.5E-01
4.5E-01
4.5E-0 1
4.5E-01
4.5E-0 1
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-0 1

40
45
50
55
60
65
70
75
80
85
90
95

4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01

41
46
51
56
61
66
71
76
81
86
91
96

4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01

42
47
52
57
62
67
72
77
82
87
92
97

4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-511
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01

4.5E-01 100 4.5E-01 101 3.5E-02
34 1.6E-02
1.6E-02 40
1.6E-02 45
1.6E-02 50
1.6E-02 55
1.6E-02 60
1.6E-02 65
1.6E-02 70
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02

75
80
85
90
95

35 1.6E-02
1.6E-02 41
1.6E-02 46
1.6E-02 51
1.6E-02 56
1.6E-02 61
1.6E-02 66
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02

71
76
81
86
91
96

36 1.6E-02
1.6E-02 42
1.6E-02 47
1.6E-02 52
1.6E-02 57
1.6E-02 62
1.6E-02 67
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02

72
77
82
87
92
97

37 1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02

1.6E-02 100 1.6E-02 101 1.3E-03



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ No Sepa.)
Executed on: 06/21/96 at 07:03:13.0 Page 3

- POPULATION DATA -----------------------------

Population for Chronic Waterborne Release at the following Times A.D.:

Time Population

1990. 2.9E+05
2100. 3.9E+05
2200. 4.3E+05
2300. 4.7E+05
2990. 1.3E+06
11900. 4.9E+06



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ No Sepa.)
Executed on: 06/21/96 at 07:03:13.0 Page 4

-----------------------------------------------------

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

until until
34 4300. 6.80E+00
35 4370. 1.55E+01
36 4440. 2.44E+01
37 4510. 3.34E+01
38 4580. 4.25E+01
39 4650. 5.18E+01
40 4720. 6.12E+01
41 4790. 7.07E+01
42 4860. 8.04E+01
43 4930. 9.02E+01
44 5000. 1.OOE+02
45 5070. 1.10E+02
46 5140. 1.20E+02
47 5210. 1.31E+02
48 5280. 1.41E+02
49 5350. 1.52E+02
50 5420. 1.63E+02
51 5490. 1.74E+02
52 5560. 1.85E+02
53 5630. 1.96E+02
54 5700. 2.07E+02
55 5770. 2.19E+02
56 5840. 2.30E+02
57 5910. 2.42E+02
58 5980. 2.54E+02
59 6050. 2.66E+02
60 6120. 2.78E+02
61 6190. 2.90E+02
62 6260. 3.03E+02



63 6330. 3.15E+02
64 6400. 3.28E+02
65 6470. 3.41E+02
66 6540. 3.54E+02
67 6610. 3.67E+02
68 6680. 3.80E+02
69 6750. 3.94E+02
70 6820. 4.07E+02
71 6890. 4.21E+02
72 6960. 4.35E+02
73 7030. 4.48E+02
74 7100. 4.63E+02
75 7170. 4.77E+02



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ No Sepa.)
Executed on: 06/21/96 at 07:03:13.0 Page 5

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

76 7240. 4.91E+02
77 7310. 5.06E+02
78 7380. 5.20E+02
79 7450. 5.35E+02
80 7520. 5.50E+02
81 7590. 5.65E+02
82 7660. 5.80E+02
83 7730. 5.95E+02
84 7800. 6.11 E+02
85 7870. 6.26E+02
86 7940. 6.42E+02
87 8010. 6.58E+02
88 8080. 6.74E+02
89 8150. 6.90E+02
90 8220. 7.06E+02
91 8290. 7.23E+02
92 8360. 7.39E+02
93 8430. 7.56E+02
94 8500. 7.73E+02
95 8570. 7.90E+02
96 8640. 8.07E+02
97 8710. 8.24E+02
98 8780. 8.4 1E+02
99 8850. 8.59E+02
100 8920. 8.77E+02
101 8990. 8.94E+02
102 9060. 8.96E+02

until until
144 12000. 8.96E+02



Dose in units of person-rem;
that is the cumulative population dose received by the local population
over 10,000 years with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ No Sepa.)
Executed on: 06/21/96 at 07:03:13.0 Page 6

Cumulative Population Dose Equivalent by Radionuclide

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14
TC 99
1 129
U 238
TH 234
PA 234
NP 237
PA 233

4.5E+01
5.OE+02

1.0E+01
1.5E+02
1.6E-02
5.4E-05
2.OE+02
2.OE-03

2.1E-03
3.1E-04

3.2E-05
3.2E-05
2. 1E-02
3.3E-03
9.8E-04

2.3E-02

4.5E+01
5.OE+02
S.OE+01
1.5E+02
3.7E-02
3.3E-03
2.OE+02
2.5E-02

5
55
1
17
0
0
21
0

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ No Sepa.)
Executed on: 06/21/96 at 07:03:13.0 Page 7

Maximum Dose Increment Received By Population
In Year 9060 (70-yr Time Period Number No: 101)

Weighted
Cumulative Cumulative

Dose Weighting Dose
Organ Equivalent Factors Equivalent

Gonads 2.7E+00 2.5E-01 6.7E-01
Breast 2.1E+00 1.5E-01 3.1E-01
R Marrow 1.2E+01 1.2E-01 1.5E+00
Lung 2.1E+00 1.2E-01 2.5E-01
Thyroid 3.3E+01 3.OE-02 1.OE+00
Bone Sur 1.3E+02 3.OE-02 3.9E+00
Stomach 1.IE+02 6.OE-02 6.8E+00
LL Int. 2.2E+0 I 6.OE-02 1.3E+00
Kidneys 2.OE+01 6.OE-02 1.2E+00
UL Int. 8.6E+00 6.OE-02 5.1E-01
Liver 5.2E+00 6.0E-02 3.IE-01

Cumulative Effective Dose Equivalent 1.8E+01
External Dose 1.OE-03

Lifetime Effective Cumulative
Dose Equivalent 1.8E+01

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr indigidual lifetime.

1



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ No Sepa.)
Executed on: 06/21/96 at 07:03:13.0 Page 8

Maximum Dose Increment Received By Individual (rem)
In Year 9060 (70-yr Time Period Number No: 101)

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 2.4E-07 LIE-11 2.4E-07 5
TC 99 2.7E-06 1.6E-12 2.7E-06 55
1 129 5.4E-08 1.7E-13 5.4E-08 1
U 238 8.2E-07 1.7E-13 8.2E-07 17
TH 234 8.6E-1l 1.E-10 2.0E-10 0
PA 234 2.9E-13 1.8E-11 1.8E-11 0
NP 237 L.OE-06 5.2E-12 L.OE-06 21
PA 233 1.0E-11 1.2E-10 1.3E-10 0

-------- ~9' -- ---- v--- -- -- ---- i--- --



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ No Sepa.)
Executed on: 06/21/96 at 07:03:13.0 Page 9

Population Internal Dose To Organ by Radionuclide
In Year 9060 (70-yr Time Period Number No: 10 1)

Radionuclide Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

C 14 9.2E-01 9.2E-0I 9.2E-0I 9.2E-0I 9.2E-01 1.1E+00 1.1E+00 9.2E-01
TC 99 1.OE+00 1.JE+02 2.0E+00 6.8E+00 1.8E+01 1.2E+00 1.2E+00 1.OE+00
1 129 4.5E-04 6.2E-04 3.9E-04 3.9E-04 3.9E-04 5.3E-04 5.8E-04 3.6E-04
U 238 1.2E-01 1.6E-01 2.3E-01 8.OE-01 2.3E+00 4.1E+01 2.8E+00 I.1E-0I
TH 234 2AE-06 8.8E-05 2.IE-04 1.3E-03 3.8E-03 1.8E-06 1.5E-06 2.OE-07
PA 234 2.8E-08 1.4E-06 2.8E-06 5.8E-06 4.8E-06 5.OE-08 1.4E-07 4.3E-08
NP 237 5.4E-04 5.OE-03 1.2E-02 6.6E-02 2.OE-01 8.8E+01 7.1E+00 6.OE-01
PA 233 1.7E-07 I .E-05 3.2E-05 lAE-04 4.1E-04 4.0E-06 2.8E-06 8.5E-07

Total internal 2.1E+00 1.1E+02 3.2E+00 8.6E+00 2.2E+01 1.3E+02 1.2E+01 2.7E+00

Radionuclide Ovaries Muscle Thyroid Kidneys Liver

C 14 9.2E-01 9.2E-01 9.2E-01 0.OE+00 0.OE+00
TC 99 1.OE+00 1.OE+00 2.6E+01 0.OE+00 1.4E+00
1 129 3.9E-04 9.4E-04 6.7E+00 0.OE+00 0.OE+00
U 238 1.2E-01 LIE-01 1.2E-01 2.OE+01 O.OE+00
TH 234 2.5E-06 2.9E-07 2.6E-08 0.0E+00 3.5E-07
PA 234 6.OE-07 9.1E-08 3.3E-09 1.5E-07 l.1E-07
NP 237 6.OE-01 4.8E-04 3.6E-04 0.OE+00 3.8E+00
PA 233 1.OE-05 1.1E-06 2.0E-08 1.4E-06 9.6E-07

Total internal 2.7E+00 2.IE+00 3.3E+01 2.OE+01 5.2E+00

Population Air Submersion and External Incremental Dose by Radionuclide
In Year 9060 (70-yr Time Period Number No: 101)



Air
Submer- Exter-

Radionuclide sion nal

C 14 5.2E-11 4.1E-05
TC 99 5.0E-12 6.1E-06
I 129 1.0E-12 6.3E-07
U 238 1.OE-12 6.3E-07
TH 234 1.7E-10 4.2E-04
PA 234 2.4E-1 1 6.5E-05
NP 237 3.8E-12 1.9E-05
PA 233 6.1E-11 4.6E-04

Total external 3.1E-10 1.OE-03

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ No Sepa.)
Executed on: 06/21/96 at 07:03:13.0 Page 10

Population Internal Dose To Organ by Exposure Pathway

In Year 9060 (70-yr Time Period Number No: 101)

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

Inhalation 8.3E-03 2.1E-05 1.8E-05 1.8E-05 2.OE-05 3.6E-03 3.OE-04 4.4E-05
Ingestion (Terr) 1.4E+00 1.1 E+02 2.4E+00 7.5E+00 2.OE+0 1 6.6E+0 1 6.4E+00 1.7E+00
Ingestion (Aqua) 5.7E-01 6.3E-01 5.7E-01 6.1E-01 7.OE-01 3.7E+01 3.6E+00 8.lE-01
Drinking Water 9.9E-02 2.2E+00 1.6E-01 4.6E-0l 1.2E+00 2.9E+Ol 2.2E+00 2.0E-01

Total internal 2.1E+00 1.IE+02 3.2E+00 8.6E+00 2.2E+01 1.3E+02 1.2E+01 2.7E+00

Pathway Ovaries Muscle Thyroid Kidneys Liver

Inhalation 4.4E-05 1.8E-05 1.9E-05 1.4E-05 1.6E-04
Ingestion (Terr) 1.7E+00 1.4E+00 3.2E+01 1.3E+01 3.OE+00
Ingestion (Aqua) 8.1E-0I 5.7E-01 5.9E-0I 3.5E-01 1.6E+00
Drinking Water 2.OE-01 9.9E-02 1.2E+00 7.1E+00 6.6E-01

Total internal 2.7E+00 2.1E+00 3.3E+01 2.OE+01 5.2E+00

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.
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Combo Low Release Concentrations from LAW vaults

Combo Low Estimated Vaults Release Concentratios, g/L

0.00044 factor __________

Glass Metric Conc. Conc. Ionic Metal Metal Oxyge
Component Tons g/ g/meter Form Subscript At Wt Subscript

Ag2O 1.04E-01 4.26E-05 4.26E-02 A 2 108 1
A1203 1.17E+04 2.73E+00 2.73E+03 AI+3 2 27 3
Am2O3 2.03E-03 8.13E-07 8.13E-04 Am+3 2 243 3
As205 9.66E-0i 2.77E-04 2.77E-01 As+5 2 75 5
B203 4.47E-01 1.76E-04 1.76E-01 1+3 2 209 3
BaO 6.57E-01 2.59E-04 2.59E-01 Ba+2 1 137 1
BeO 1.68E-01 2.66E-05 2.66E-02 Be+2 1 9 1
Bi203 5.85E+00 2.312E-03 2.31E+00 +3 2 209 3
CaO 2.63E+04 8.27E+00 8.27E+03 Ca+2 1 40 1
CdO 1.46E+00 5.62E-04 5.62E-01 Cd+2 1 112 1
Ce2O3 1.03E+00 3.87E-04 3.872-01 Ce+3 2 140 3
Cm2O3 NS 0.00E+00 0.00E+00 Cm+31 2 247 3
Co2O3 NS 0.00E+00 0.0E+00 Co+3 2 59 3
Cr203 3.97E+0i 1.20E-02 1.20E+01 Cr+3 2 52 3
Cs20 3.46E-03 1.44E-06 1.44E-03 Cs+1 2 133 1
CuO 1.39E-01 4.89E-05 4.89E-02 Cu+2 1 64 1
Fe2O3 5.58E+00 1.72E-03 1.72E+00 Fe+3 2 56 3
K<20 4.49E+00 1.64E-03 1.64E+00 K+1 2 39 1
La2O3 2.35E-01 8.82E-05 8.82E-02 La+3 2 139 3
Li2O 2.17E-04 4.46E-08 4.46E-05 L+1 2 7 1

a7 E5.57E-01 1.47E-04 1.47E-01 M 1 24 1
MnO2 1.09E+01 3.03E-03 3.03E+00 Mn+4 1 55 2
Mo03 6.55E+00 1.92E-03 1.92E+00 Mo+6 1 96 3
Na20 3.44E+04 1.12E+01 1.12E+04 Na+1 2 23 1
Ni203 4.0E+01 1.25E-02 1.25E+01 Ni+3 2 59 3
NiO ns 0.00E+00 0.00E+00 Ni+2 1 59 1

1.34E-02 5.19E-06 5.19E-03 Npj+ 1 237 2
P205 8.23E+02 1.58E-01 1.58E+02 P04-3 2 31 5
Pb02 2.07E+00 7.89E-04 7.89E-01 Pb+4 1 207 2
PuO2 9.4E-04 3.67E-07 3.67E-04 Pu+4 1 242 2
Rb20 _ 0.00E+00 0.00E+00 Rb+1 2 85 1
Re207 ns\ 0.00E+0C 0.00E+00 Re+7 2 186 7
Rh203 ns 0.00E+00 0.00E+00 Rh+3 2 103 3
Ru203 in 0.00E+00 0.00E+00 Ru+3 2 101 3
Sb205 NA 0.00E+00 0.00E+00 Sb+5 2 122 5
SeO3 NA 0.E0+00 0.00E+00 Se+6 1 79 3
Si02 1.56E+05 3.20E+01 3.20E+04 Si+4 1 28 2
Sm203 NA 0.00E+00 0.00E+00 Sm+3 2 150 3
SnO2 NA 0.00E+00 0.00E+00 Sn+4 1 119 2
SrO 4.07E-03 1.52E-06 1.52E-03 Sr+2 1 88 1
Tc207 2.07E+00 5.82E-04 5.82E-01 TcO4-1 2 99 7
TeO3 NA 0.00E+00 0.OOE+00 Te+6 1 128 3
ThO2 NA 0.002+00 0.00E+00 Th+4 1 232 2
Ti02 INA 0.00E+00 0.00E+00 Ti+4 1 48 2
T1203 NA 0.002+00 0.00E+00 TI+3 2 204 3
U03 4.44E+01 1.63E-02 1.63E+01 U02+2 1 238 3
V205 ns 0.OOE+00 0.00E+00 V+5 2 51 5
W02 ns 0.00E+00 0.E0+00 W04-2 1 1842
W03 2.50E+00 8.72E-04 8.72E-01 W04-2 1 184 3
ZnO 3.20E+00 1.13E-03 1.13E+00 Zn+2 1 651
ZrO2 3.45E-02 1.12E-05 1.12E-02 ZrO+2 1 912
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Combo Low isotopic breakdown

Am-241
Am-242
Am-242m
Am-243

Cs-135
Cs-137

Np-237
Np-238
Np-239

Pu-238
Pu-239
Pu -240
Pu-241
Pu-242

U-233
U-234
U-235
U-236
U-237
U-238

99.54%
0.00%
0.02%
0.44%

14.63%
85.37%

100.00%
0.00%
0.00%

0.01%
93.50%
6.35%
0.14%
0.00%

0.00%
0.00%
0.65%
0.00%
0.00%

99.35%
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combo low grams rad <13

Table in grams I Decay Da Inventory in Tanks Selected for Retrieval Grand
35064 Tanks Selected for Retrieval 35064 Total

Radionuci 1WSS 2WSS 1 ESS 225 42SS total Radionuol 3WDS 3EDS 5EDS
Ac-225 1.2E-11 7.9E-12 4.8E-11 7.7E-12 0 7.6E-11 _7.6E-11

Ac-227 4.2E-05 3E-05 6.5E-05 1E-05 0 0.00015 0.00015
Ac-228 Curios ____

Am-241 418.314 874.617 1407.44 2205.53 0 4905.91 Am-241 149.368 17116.3 40.6464 22212.2
Am-242 0.00027 0.00081 0.00139 0.00191 0 0.00437 0.00437
Am-242m 0.22207 0.67562 1.15451 1.58655 0 3.63875 3.63875
Am-243 4.25182 16.3129 27.8839 50.02931 0 98.4781 1 1 1 98.478
At-217 4.3E2-19 2.9E-19 1.7E-18 2.8E-19 0 27E-18 2.7E-18
Ba-1 35m 0 0 0 0 0 0 0
8a-137m 0.003 0.00973 0.01162 0.00041 0 0.02475 Ba-137m 0.00671 0.04014 0.00357 0.07516
Bi-210 3.7E-14 1.9E-14 4.3E-14 2.5E-14 0 1.2E-13 1.2E-13
Bi-211 7.2E-12 5.1E-12 M1E-11 2AE-12 0 2.6E-1 2.6E-1 1
Bi-212 0 0 0 0 0 0 0
Bi-213 E-li a3E11 2E-10 2E2-11 0 3.2E-10 3.2E-10
Bi-214 4.3E-16 2.2E-16 4.8E-16 2.5E-16 0 1.4E-15 142-15
C-14 56.9782 76.39171 278.401 20.72961 0 432.5 C-14 0 1 522.586 0.73069 955.817
Cm-242 1 0.00054 0.00164 0.0028 0.00385 0 0.00884 0.00884
Cm-244 0.02447 0.15991 0.30034 0.65999 0 1.14471 _1.14471

Cm-245 0.00077 0.00549 0.01031 0.02377 0 0.04035 _ 0.04035
Cs-135 9572.72 26121.3 26790.9 758.904 0 63243.8 1_ 63243.8
Cs-137 6752.73 21898.3 26154.6 918.376 0 55724.1 Cs-137 41711 249460 22171.9 369067
Eu-154 Eu-154 0 277.929 0 277.929
Er-221 3.9E-15 2.6E-15 1.6E-14 2.5E-15 0 2.5E-14 2,5E-14
Fr-223 1.1E-12 7.6E-13 1.7E-12 3.5E-13 0 3.9E-12 3.92E-12
1-129 5765.84 14786.31 34046.5 3696.331 0 582951 58295
Nb-93m 0.16745 0.2296 0.64644 1.01436 0 2.057851 2.0578
NI-59 0 0 0 0 0 0 _0

Ni-63 64.3577 44.5162 553.862 612.618 0 1275.35 _ 1275.35
Np-237 6335.33 7782.41 40077.3 130.131 0 54325.1 Np-237 0 63988.4 0 _ _118313

Np-238 4E-08 1.2E-07 2.1E-07 2.8E-07 0 6.5E-07 _ _ 6.5E-07
N-239 3.6E-06 1.E4-05 2.4E-05 4.3E-05 0 8E4-05 8.4E-05
Pa-231 0.1213 0.07625 0.17296 0.04001 0 0.41053 __ 0.41053
Pa-233 0.00022 0.00026 0.00136 4E.4-08 0 0.00185 1_____ 0,00185
Pa-234 8.9E-06 2.2E-06 7.1E-06 1.1E-06 0 1.9E-05 1.9E-05
Pa-234m 1.6E-07 4E-08 1.3E-07 2.12E-08 0 3.5E-07 3.5E-07
Pb-209 1.5E-11 1E-11 6.1E-11 9.7E-12 0 9.6E-1 9.6E-11
Pb-210 6.1E-11 3E-11 7E-11 4.IE-11 0 2E-10 2E-10
Pb-211 1.2E-10 8.7E-11 1.9E-10 4E-11 0 4E-10 4EI2-10
Pb-212 0 0 0 0 0 0 0
Pb-214 5.8E-16 3E-16 6.5E-16 3E4-16 0 1.9E-15 1.9E-15
Pd-107 9228.32 23734.6 55953 6852.66 0 95768.6 _95768.6

Po-210 1E-12 5.2E-13 1.2E-12 7E-13 0 AE-12 3.4E-12
Po-211 7.9E-17 5.6-17 I 1.2E-16 2.62-17 0 2.8E-16 2.8E-16
Po-212 0 01 0 0 0 0 _ _ _ _ _ 0
Po-213 5.3E-23 3.6E-23 2.2E-22 3E4-23 0 3.4E-22 3 AE 3.42-22
Po-214 5.9E-23 3E-23 6.6E-23 3.4E-23 0 1.9E-22 1.9E-22
Po-215 E-16 7.2E-17 1.6E-16 3.4E-17 0 3.7E-16 3.7E-16
Po-216 0 0 0 0 0 0 0
Po-218 6.7E-17 3.E-17 7.5E-17 3.9E-17 0 2.2E-16 2.2E-16
Pu-236 ________ ___

Pu-238 1.36533 2.09709 2.40055 3.07132 0 8.93429 Pu-238 0 9.97701 0 18.9113
Pu-239 14877.2 2992.02 3474.87 20524.5 0 41868.6 Pu-239 944.128 79843.1 883.874 .123540
Pu-240 960.354 156.218 189.689 1359.22 0 2665.49 Pu-240 64.3827 5599.85 60.2738 8390
Pu-241 29.149H 1.97041 2.62799~ 25 0 57.2614 Pu-241 0.31208 125.959 0.29217 _ 183.824
Pu-242 0.0027 0.008230.01406 0.019321 0 0.04431 0.04431
Ra-223 5.92E08 4.22-08 9.2-08 1.9E-08 0 2.1E-07 _2.1E-07

Ra-224 0 0 0 0 0
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combo low grams rad

Ra-225 1.8E-11 1.2E-11 7.2E-11 IE-11 0 1.1E-10 1.1E-10
Ra-226 1.9E-08 9.8E-09 2.2E-08 1.1E-08 0 6.2E-08 6.2E-08
Ra-228 0 0 0 0 0 0 __ 0
Rh-106 1.6E-14 5E-15 1.1E-13 1.5E-11 0 1.5E-11 1.5E-11
Rn-219 2.3E-13 1.6E-13 3.6E-13 7.6E-14 0 8.3E-13 8.3E-13
Rn-220 0 0 0 0 0 0 0
Rn-222 1.2E-13 6.3E-14 1.4E-13 7.2E-14 0 4E-13 4E-13
Ru-106 1.7E-08 5.3E-09 1.2E-07 1.6E-05 0 1.6E-05 1.6E-05
Sb-126 1 8.4E-05 l6E-05 2.2E-05 0.00011 0 1 0.00023 1 0.00023
Sb-126m 6.4E-07 1.2E-07 1.7E-07 8.2E-07 0 1.8E-06 1.8E-06
Se-79 729.505 1878.85 4307.65 442.053 0 7358.06 7358.06
Sm-151 1895.9 383.617 575.741 2426.65 0 5281.9 | | | | 5281.9
Sn-126 1779.73 340.225 462.79 2271.53 0 4854.28 | | | |__4854.28
Sr-90 5547.32 14640.5 34950.2 16781.8 0 71919.8 Sr-90 255.941 78947.1 68.9182 151192
Tc-99 41437.7 106258 243481 25249.2 0 416426 Tc-99 216565 930348 57515.5 | | 1620854
Th-227 9.6E-08 6.9E-08 1.5E-07 3.2E-08 0 3.5E-07 | 3.5E-07
Th-228 0 0 0 01 0 01 0
Th-229 I 3.2E-06 2.2E-06 1.3E-05 2.1E-06 0 2.1E-05 2.1E-05
Th-230 0.00014 6.9E-05 0.00015 5.9E-05 0 0.00041 1 0.00041
Th-231 0.00087 0.00022 0.0007 0.00011 0 0.00191 0.00191
Th-232 0 0 0 0 0 0 0
Th-233
Th-234 0.00478 0.00119 0.00383 0.00061 0 0.01041 0.01041
TI-207 1.6E-11 1.1E-11 2.5E-11 5.2E-12 0 5.7E-11 5.7E-11
TI-208 0 0 0 0 0 0 0
TI-209 3.6E-17 2.4E-17 I 1.5E-16 2.3E-17 0 2.3E-16 I 2.3E-16
U-232 I
U-233 0.05751 0.05937 0.3362 0.01586 0 0.46894 11 0.46894
U-234 2.53751 1.30759 2.63698 1.30647 0 7.78854 7.78854
U-235 2138051 539449 1713209 274902 0 4665610 4665610
U-236 1.75725 0.28576 0.34693 2.48677 0 4.87672 4.87672
U-237 9E-07 6.1E-08 8.1E-08 7.3E-07 0 1.8E-06 1.8E-06
U-238 3.3E+08 8.2E+07 2.6E+08 4.2E+07 0 7.2E+08 7.2E+08
Y-90 148.024 390.664 932.606 447.803 0 1919.1 Y-90 6.92136 2134.95 1.86374 _ _4062.83

Zr-93 1751.3 7362.9 15697.3 142299 1 0 167110 167110
| | _0

No.Tanks 3 3 6 1 13

Table 15 End |
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combo low grams rad

isoto ic Oxide mt Total invento
total total rams % ftl 'of total

Radionuclide retrieved retrieved
_Ac-225 2.3E-10 0.32728

_____Ac-227 0.00026 0.57072
________ ~Ac-228 ____ ________

0.9954235 Am-241 30353.7 0.73178
5 E-0 ___i__ Am-242 0.00782 0.55948 _

0.0001631 1 Am-242m 6.50378 0.559481
Am 22314.34579 Q00G44132 Am2O3 0.02452 Am-243 162.169 0.60725 Am 30522.4 0.73108

At-217 8.4E-18 0.32728
_ a-135m 0
Ba-137m 0.10052 0.74775
Bi-210 3.8E-13 0.32951
Bi-211 4.5E-1 1 0.57072

_______ ______Bi-212 0 _ ______

Bi-213 9.8E-10 0.32728
Bi-214 4.6E-15 0.30026
C-14 1198.19 0.79772
_Cm-242 0.0158 0.55948 _

lCm-244 1.64957 0.69395
Cm-245 0.05895 0.68442

0.1462925 Cs-135 123304 0.51291
Cs 432310.706 0.8537075 0s20 0.45831 Cs-i 37 443391 0.83237 Cs 566696 0.76286

Eu-I 54 281.925 0.98583
Fr-221 7.6E-14 0.32728
Fr-223 6.8E-12 0.57072
1-129 90909.1 0.641241

s2_ Nb-93m 11.8792 0.17323
Ni-59 62360.9 0
Ni-63 4621.59 0.27596

1 ____ ________Np-237 149244 0.79275
5.488E-12 N N238 1.2E-06 0.55948

N . 118313.4779 7.14E-10 N g02 0.13429 _N-239 0.00014 0.60725 N 149244 0.79275
Pa-231 0.7287 0.56337
Pa-233 0.00287 0.64279 _

Pa-234 3.8E-05 0.50623
_Pa-234m 6.9E-07 0.50623
__Pb-209 2.9E-10 0.32728
_Pb-210 6.1E-10 0.32951

Pb-211 7.7E-10 0.57072
Pb-212 0
Pb-214 6.2E-15 0.30026
Pd-107 147066 0.65119
Po-210 1E-11 0.32951
Po-211 5E-16 0.570721
Po-212 0 _

Po-213 1E-21 0.32728
Po-214 6.3E-22 0.30026 __

Po-215 6.4E-16 0.57072
Po-216 0
Po-218 7.2E-16 0.30026 _

________ ~Pu-236 ________ ___ ____

0.0001431 Pu-238 148.077 0.12771
0.9349685 Pu-239 425864 0.29009
0.0634969 Pu-240 29494.3 028M G
0.0013912 Pu-241 874.525 0.12__i_

Pu 132132.4636 3.353E-07 PuO2 0.1496 Pu-242 0.0792 0.55948 456381 0.28952

I I Ra-224 7 0. 7
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Ra-225 aE-10 0.32728
Ra-226 2.1E-07 0.30026
Ra-228 0
Rh-106 1.7E-10 0.08765
Rn-219 1.5E-12 0.57072
Rn-220 0
Rn-222 1.3E-12 0.30026
Ru-106 0.00018 0.08765
Sb-126 1 0.00106 0.21714
Sb-126m 8.IE-06 0.21714
Se-79 11480.2 0.64093
Sm-151 24714.8 0.21371
Sn-126 22355.1 0.21714

_________ ______Sr-90 425249 0.35554
Tc2O7 2.5377 Tc-99 1899425 0.85334 ___

Th-227 6.1 E-07 0.57072
Th-228 0

_Th-229 6.3E-05 0.32728
Th-230 0.001 52 0.26956
Th-231 0.00384 0.49606

CTh-232 0
Th-233
Th-234 0.02056 0.50623
TI-207 9.9E-1 1 0.57072
TI-208 0 #DIV/0!
Ti-209 7.1E-16 0.32728
U-232

6.512E-10 U-233 0.98589 0.47566
1.082E-08 U-234 31.103 0.25041
0.0064787 U-235 9405289 0.49606
6.772E-09 U-236 34.6607 0.1407
2.462E-15 U-237 1.3E-05 0.13938

U 720147586.9 0.9935213 U03 865.387 U-238 1.4E+09 0.50623 U 1.4E+09 0.50616
Y-90 11359.5 0.35766
Zr-93 1566636 0.10667
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Combo Low

Assumptions:
1. HLW glass waste oxide loading basis to be 20wt% waste oxides (excluding Na2O and SiO2)

2. Using the WHC engineering data package material balance calculate the waste oxide loading
and adjust mass of the glass produced to achieve a 20 wt % waste oxide loading
3. LAW glass sodium oxide loading basis is to be 15 wt%

Input Stream Input LAW HLW HLW fraction
STREAM I converted to 407 437 314 344

oxides FRIT GLASS FRIT GLASS
Volume kilo-liters
Specific Gravity
Cs and Ba, (MCi) 63.774 9.37E+00 5.44E+01 0.85311
Sr and Y. (MCi) 43.032 2.73E+00 4.03E+01 0.9365
Tc, (MCi) 0.0274 2.23E-02 5.09E-03 0.185790632
Am, (MCi) 0.0763 6.32E-03 7.00E-02 0.917148362
Np, (MCi) 0.0001 9.98E-06 9.00E-05 0.900193798
Pu-239. (MCi) 0.0076 4.81E-04 7.12E-03 0.936670459
Pu-240, (MCi) 0.0019 1.18E-04 1.78E-03 0.93815357
Pu-241,(MCi) 0.0189 3.74E-04 1.85E-02 0.980235043
Total TRU. (MCi) 0.1053 6.05E-03 9.92E-02 0.942507069
Total MCi 115.095 1.59E+00 1.14E+02 0.986148321
Total Mass Flow (MT) 1.91E+05 6.88E+03
Total Cr, (MT) 0.215686275
Total Na. (MT) 0.031431269
Total Si, (MT)
Total P. (MT) 0.167694205
Total N02-, (MT)
Total N03-, (MT)
AG+ 5.05E-01
AG20 5.43E-01 1.04E-01 4.39E-01 0.807860262
AL+3 4.33E+02
AL203 3.51E+03 8.98E+03 1.17E+04 7.661+02 0.21815889
AL(OH)4- 5.02E+03
AM+3
AM203 0.02452 2.45E-02 2.03E-03 2.25E-02 0.917017438
AS+5 1.04E+00
AS205 1.59E+00 9.66E-01 6.27E-01 0.393627955
B+3 9.68E-01
B203 3.12E+00 4.47E-01 8.85E+02 8.88E+02 0.856898029
BA+2 2.89E+00
BAO 3.23E+00 6.57E-01 2.57E+00 0.796582775
BE+2 6.61E-02
BEO 1.84E-01 1.68E-01 1.60E-02 0.086886565
B1+3 2.051+01
B1203 2.29E+01 5.85E+00 1.70E+01 0.74439157
C14
CA+2 3.21E+01
CANCRINITE
CAO 4.49E+01 2.63E+04 2.63E+04 4.05E+01 0.9018
CD+2 6.14E+001
CDO 7.01E+00 1.46E+00 5.55E+00 0.791958042
CE+3 8.75E+01
CE203 1.02E+02 1.03E+00 1.01E+02 0.989992467
CL- 2.62E+02
CU_
CO
C02
C03-2 1.88E+03
CR+3 3.31E+01
CR203 5.05E+01 3.97E+01 1.09E+01 0.215321681
CR(OH)4- 9.93E+01
CS+
CS20 4.88E-01 3.46E-03 4.85E-01 0.992921033
CU+2 5.82E-01
CUO 7.28E-0! 1.39E-01 5.89E-01 0.808658009
CUSO4
F- 1.22E+02
F2 _ |
FE+3 2.33E+02
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Combo Low

FE203 3.33E+02 5.58E+00 3.28E+02 0.983260198
H2
H20
H2S
HG
HG+2 1.35E-01

12
K+ 3.63E+02
K20 4.33E+02 4.49E+00 I 4.29E+02 0.989634266
KEROSENE
LA+3 1.93E+01
LA203 2.27E+01 2.35E01 2.24E+01 0.989621048
_ + 2.46E-02

L120 5.27E-02 2.17E-04 2.53E+02 2.53E+02 0.995883681
MG+2 9.33E+00
MGO 7.10E+00 5.57F,01 6.54E+00 0.921568627
MNO2 7.37E+01 1.17E+02 1.09E+01 1.06E+02 0.90633131
MO+6 5.10E+00
M003 7.64E+00 6.55E+00 1.10E+00 0.143360752
N2
NAI- 2.63E+04
NA20 3.55E+04 3.44E+04 1.12E+03 0.031418851
NH3
NI i3 5.91E+01
N12FECN6 8.62E+01
N1203 1.05E+02 4.OOE+01 6.49E+01 0.618412275
NIO 0.999933925
NO
N02
N02- 4.57E+03
N03- 3.99E+04
NP+4
NP02 1.34E-1 1.34E-02 1.21E-01 0.900360144
02
OH- 2.25E+03
PB 14 4.79E+00
PBO2 5.53E+00 2.07E+00 3.46E+00 0.626446281
P04-3 1.32E+03
P205 9.89E+02 8.23E+02 1.66E+02 0.167564655
P205:24W
PU+4
PU02 1.50E41 9.44E-03 1.40E-01 0.936895083

S1+4
S102 4.59E+02 4.59E+02 1.56E+05 1.56E+05 5.72E+03 6.18E+03 1
S02
S04-2 1.06E+03
SR+2 3.73E.01
SRO 4.41U 4.07E-03 4.37E-01 0.990762125
TC02._
TCO4
TC207 2.54E+00 2.07E+00 4.71E-01 0.185689949
TOC 1.10E+03
U02+2 1.69E+00
U03 8.67E+02 4.44E+01 8.23E+02 0.948755823
V+S
V205 [0.751121076

W+6 1.99E+00
Wi02 0.999934018
W03 2.50E+00 2.50E+00 5.47E-03 0.002186697
ZN+2 3.26E+001
ZNO 4.06E+00 3.20E+00 8.54E-01 0.210619469
ZR+4 2.72E+01
ZRO2 3.67E+01 3.45E-02 3.67E+01 0.999060304
Z~R02:2H2

Wstc Oxids Tot (MT) }3.IE+04 4.51E+03
Wste Oxid Lmss Na & St 2.94E+03
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Combo Low

HLW

20 wt. % waste oxide loadin

Blending factor 1 1.2 1.5 2 3.5

Mass of glass required 1.27E+04 1.52E+04 1.90E+04 2.53E+04 4.43E+04

frit required MT 8.15E+03 1.07E+04 1.45E+04 2.08E+04 3.98E+04

WOL (- Na2O, - SiO2) 23% 20% 15% 12% 7%

WOL (with all tank wastes) 36% 30% 24% 18% 10%

Glass Formers Required
B203 (MI) 1.05E+03 1.37E+03 1.86E+03 2.68E+03 5.12E+03

L2O (MI) 3.00E+02 3.93E+02 5.33E+02 7.66E+02 1.46E+03

SiO2 (MT) 6.77E+03 8.87E+03 1.20E+04 1.73E+04 3.31E+04

glass density (MT/m^3) 2.63
cullet packing fraction 0.7 (LAW only)

Waste volume (m^3) 44-E+ 3 5.78E+03 1.22B+03 9.63E+!-03 4 4-.W

Canister Volume (m^3) 1.17
Number of Canisters (2x) '4449-04 4.94E+03 6.1-i+-03 8.23" i-03 i.446-14

Nu. of Canisters /HMPC 4

Number of HMPCs 4,03E+ 03 1.23E+03 Z.46IM '6206+03 3.60r+03
Number of trips @ 10 HMPCs /trip 403 123 154 2M6 3O

HI.V WFacility Sizinec
Schedule 14 yrs

Capacity MT/day 3

Overall efficiency, % } 53 70% 94% 496%| 260
Required capacity MT/day (assuming E4yrs ops. 60% OF) 2.6 348 4.72 6R79 42.99
Required operating duration yrs (assuming 3 MT/day. 60% OE) 42-M 16 22AM 32.00 644n

Required Operating duration, yrs (including 2 yrs start up) 18

15 wt. % sodium oxide loadinp

Blending factor I 1 1.25 1.5 2 3.5

Mass of glass required to achieve 15% wo loading, MT 2.29E+05 2.87E+05 3.44E+05 4.59E+05 8.03E+05

total glass formers required, MT 1.91E+05 2.48E+05 3.06E+05 4.20E+05 7.64E+05

glass density (MT/m^3) 2.631

cullet packing fraction 0.7

Glass formers (MI)

A1203 8.98E+03 1.17E+04 1.44E+04 1.98E+04 3.591+04

CaO 2.63E+04 3.42E+04 4.21E+04 5.79E+04 1.05E+05

SiO2 1.56E+05 2.02E+05 2.49E+05 3.43E+05 6.23E+05

Waste volume (m^3) 1.25E+05 1.56E+05 1.87E+05 2.49E+05 4.36E+05

Number of 5300 m^3 vaults 24 29 35 47 82

LAW facility sizing
Schedule, years 14
Capacity MT/day 200

Overall efficiency, % 23% 24* 34-% 45 79%

Required capacity MT/day (assuming 15 yrs ops. 60% 0E) 70 87 405 440 244

Required operating duration yrs (assuming 70 MT/day, 60% 02) 15 44.79 ;2.44 2.92 52-3M

Operating duration (including 2 yrs start up) 17 1 1

Page 3
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/9/13

Estimated Vautts Release Concetriatiofns, gIL

Glass Metric Conc.; Ionic; Metao Metal Oxygen
Component i Tons g/U Form Subscript At Wt Subscript

A20 A52E- - Ag+1 21
A1203 1 1.94 21 A) + 3 2 2/i
AmZ03 1 2.76E-031 6.b1E-71 Am+3 21 Z4353

A .18E+001 1.99E-04 . As+54 21 F 7EJ
2 1.67E+OUl 3.b8E-04 +31 209 3

Bao 8.81 E-01I 2.04E-04 a Ba+ 21 T371 T
BED |2.27&-01} 21-Ob| Be+21 1l9 1

.201Tr 7./-J 2 81+3 21 29
CaO I 3.87E+041 /.1EE+OOI Ca+2j 11 401 T

I .8+ 1 6.41E-G41 Cd+Z 1 1121 1
Ce20 1 2./SE+OO 6.17E-041 Ce+31 2 140

|Cm2W |N W. +UI C m+a 21 1 3
cF020W f IN T2 I. 7+0lU Co+3 21 32 3

Cr3 2.1 Cr+3 z 1 52| 3
LCs20 o ,ujt:-w1 1.fj/t-Ufl -U+1 21 1331 1

IuO 1 2.21EF-01I 4.58E-051 CU+21 11 641 1.
Fe2MU | 2.06t+T ./F-03 Fe+31 21 bb1 3

K20 -2.65E-u1| 5.70E-0t K+11 2 391 1
ILaM3 2.38E-01 I T.7UE0 La+43 2j 1fl j

L20 1 1.24E-021 1.50Li +1 2/ /
Mg0 I 1.60E+OI 2.49E-04 Mg+2 1 24 1

Mnu2 I 7.1Et+1 I 3.b4E-3 I Mn+41 1 =1 T- F
MoU3 \1 /.29E+001 1.26E-031 Mo+61 961 3

Na2U U.bE:+V4l 1.d + U 11 Na+11 2 23 1
Ni2UJ I b./2E+001 1.OE-031 Ni+31 21 391 3
|Ni 1 1.50E-021 3.06E-061 Ni+ 31 59 1

NpU2 I 1,.BtE-021 3.19U6- Np+-4- i-
IP2Ib 3.OSE+031 I.3E-01 P4-| 2

PbW2 I 2.26E+ .7E-4 Pb+ 4 1 20/ 2
PuW2 I 3.26b-021 7.46E-051 Pu+41 I 242 -
Rb02 INA I O.OFE+001 Rb+4 11 85
Re2U/ |NA I _.___+___ He+ /I21 18/

3 INA o.OoE+ u Rh+31 21 103
u2U3 INA - U.D+U Ru+31 2 101 3

b205 INA I U.OEW+001 Sb+b 21 122 53
S03 INA i r.-OE+oi Se+6 /

SaO2 I 2.28E+ObFI Z.7/+ui Si+44 li -2B 2
Sm2u3 !NA I W.UTE+00 Sm+3, 2I T5D

FnE2 !NA I U.00b+ s, I+4! g1 119r 2
rO I 4.OOE-01I 8.b77E051 Sr+2 1 1 1

Ic2/ I 2.391C+0 3.25E-U41 I 4-1 - 21 99g 1
e03 INA I '.+uvl Te+bl 1T 12b i 3

Tfi2 INA I u.00E:+00 T( h+41 - 11 22
Tt02 INA I O.ror+001 Ti +41 11 451

T203 INA I 0.O0E+001 Tl+ 32 2041 I
U3 1 9. + 2.21E-021 U02+ 2 1 2 n 3

I2D i -1 1.6 - +51 - - 21 - 1 b
WW2 I 2.91j-bl 8-bbE-0T1 W04-2Z 1641 2

W3 1 .40t-01 2.60E-41 W04-21 1 841 3
-pnU I 4,40t+U tF9.2Z/t-4 Zn+2 if R3 1

gruz 1 ZO.4+ 2-V1I1.4Br-04171+ 1/ r J 2
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Comparison of LLW glass from TPA material balance Rev A versus Rev B
LLW glass Is material balance Stream 437
Consitutents of Concern

stream 437 sream 437

Inventory Inventory

.. _ _ __. ..... _...._ -Rev A Rev B
MT MT

Tc207 2.81 2.39 Tc
U03 9.741+01 9.02E+01 U
PuO2 9.46E-03 3.26E-02 Pu

..... 5.35-03 1.66-02 ~-~p~-

FRMTEN NVENTO RY DATA _ __

MASS OF RADIONUCLIDES (gra
from Inventory by tank groupIng

1ST DSTs
Pu238 65.11 82.88

TOTAL
147.98

Fraction
0.000324

stream 437
inventory in

1526516
75061538
28820.29
14625.28.

based on mass fraction In feed

-- -- -..

---
metric ton_

1.526516
9.35E-06
0.026897
0.001864
5.07E-05
5.49E-09
5.871-08
1.62E-06

1.832-06
6.73E-13
74.5647

0.014625
1.14E-13
1.28E-11

Pu239 290791.6 13505 42584.6 0.933251
P20 118960.351 10547 29507.35 0.0646661 *-l
Pu241 417.5 384.95 802.45 0.001759
Pu242 0.087 -0.087 1.91 E-07
total Pu 456305.5
U233 1.125 1.25 7.82E-10
U234 31.02 31.02 2.1SE-08
U235 9528294 9528294 0.006619
U236 35.15 35.15 2.44E-08
U237 1 .29E-05 1.29E-05 ~8.962-IS E _1

U238 1.43E+09 1.43E+09 0.993381
totlNp _ 1.44E+09
Np237 98913
Np238 1.28E-06
Np239 1.43E-04
total Np I -

64729 163642 1
.2E-961 _7.82E-12

0.0001431 8.74E-10
163642.

The material balance is based on WHC Inventor which is 12/31199
The breakdown by isotope using tank by tank grouping data is decayed to 12131/95\

- - ---------

Page 1

VA

..............

Tc99
Pu238
Pu239
Pu240
Pu241
Pu242
U233
U234
U235
U236
U237
U238

Np238
Np239

grams_
1526516
9.346429
26896.57
1863.687
50.68281
0.005495
0.058661

1.61748,
496835.21

6732-07
74564700
14625.28
1.14E-07
1.28E-05

...............

..................

...............

............
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Approach to Nominal Case Tank Residuals and Retrieval Leakage

Tank Leakage During Retrieval
Background
Recent discussions with the DOE and other contractor staff indicate that the volume of leakage
assumed for the Draft EIS is a reasonable nominal assumption. The assumption used in the
Draft EIS of full solution strength for the assumed leakage volume is conservative.

The WHC Engineering data packages were developed assuming that the wastes would require
dilution by approximately 2:1 on an overall basis during retrieval. Based on a 2:1 dilution one
could expect that retrieval leakage concentrations could be reduced to 1/3 of the original
estimated concentration. Since tank liquids would be recirculated from the retrieval annexes to
the sluicing system during retrieval, reduction of the release concentrations by a factor of 1/3
would be a more conservative nominal case "best estimate".

Proposed
For the nominal case maintain the same estimate for leakage volume (e.g., 4,000 gallons for
each SST) and reduce the estimated concentration of the leaks by 1/3 (e.g., to 2/3 of their
original value).

Tank Residuals
Baokground
The Draft EIS is based on the assumption that during retrieval 99% of the current inventory
would be recovered by the retrieval function, leaving 1 % of the constituents behind as a
residual. This is conservative because it does not account for recovery of the more soluble
constituents during hydraulic retrieval operations.

PrEposed
For the SSTs and DSTs, using the current residual inventory as a basis, reduce the inventory
of mobile constituents of concern using sludge wash factors taken from WHC-EP-0616 (Tech.
Options Report) modified as follows:

a. To account for conditions where the scale and hardened sludges do not see the
sluicing liquid during retrieval the assumed % soluble in water is limited to a maximum
of 90%.
b. Tc-99 as TcO4- is assigned a solubility of 90%.
c. The isotopes C-14, Tc-99, and 1-129 are addressed in the nominal case analysis.
d. Solubility factors for Np are not included in this calculation because the nominal
case analysis methodology includes revising the Kd value for Np from 0 to 1. Previous
analysis has shown that constituents with a Kd value of 1 or greater do not reach the
groundwater during the time frame analyzed.
e. The solubility of uranium during the retrieval operations would be expected to
solubilize approximately 5% of the inventory. However, in order to simplify the

H:\USERS\CHENDERS\ISSUES\UNCERTAI\NOMINAL.wPD



groundwater modeling analysis the nominal case inventory of uranium would be the
same as the base case inventory (e.g., 1 % of the original uranium inventory).

Assumptions:
1. Tank leakage during retrieval remains at 4,000 gallons/SST.
2. Assumed the following constituents relevant to the nominal case analysis based on previous
results from the Ex Situ Intermediate Separations tank sources:

C-14, 1-129, Tc-99, U, nitrate,and nitrite.
3. Assumed that the leachate from the tank residuals would be constrained to solubilities that
were no greater than the solubilities estimated for the base case which had 1 % of the overall
inventory in the residual. In other words, removal of the soluble constituents during the
retrieval process would not increase the solubility of the remaining constituents. If this
constraint were not applied the predicted solubility, using the nitrate congruent dissolution
model, would be one order of magnitude higher than previously predicted because the nominal
case nitrate residual is 10% of the base case.

Results:
See attached tables. Tables titled "Base Case" correspond to the original ex situ data based on
1% tank residuals. Tables titled "Nominal Case" correspond to the residual inventory that has
been modified to account for removal of soluble constituents from the tank residuals. Nominal
case tables report values only for constituents that were modified for the nominal case.

H:\USERS\CHENDERS\ISSUES\UNCERTAI\NOMINAL.wPD



V...:
.~'

0 U ~ U U U U U U U g gg ~ U U U U

t ~ U U ~5 U U U U U U U U U U ~ s

C ~UUUUUU KUU~ UU~UUUUU UUUU§
.9- x

0)
§~

-
0

~ogcmaa O~~bUU~U
C
03 __
U --- -- - --

0) 0
0- =

.4
03a I"

5 .to
to eQ .. N

'4N eQ
-s

to
--- - - m - m a ------ m m - a ---- S - a a a - - a a - -

UUUI~ ~ MN H
brU

b..
.C tUP4U 0 UUU§ U

0.

0 ~

~ g ~ ~ r ~ II U 0 U U U U.~ U U
-o =

"' ~.Y ~: M U ~1A U 13 35 ' IS U U IS IS U 1~ U U U

A ~ ~ ~wgn~~g ~
C,

.0
'U
I.-

C)
MM C4M 4 flflfl.m eq n eQ N eon*~h~ ~th h~A~&

t*t*1
'--p

.4

.0

Cli

~0

t0
0
0-
U)

C-)

*t
0*

'-4
CD

I,
I-
C.



SST RAD

Table 1. Base Case

Radionuclide tank contents in grams
# of Tanks 40 43 40 16 10
Grams IWSS 2WSS l1ESS 2ESS 4ESS
Ac-225 2.97E-11 4.96E-11 1.04E-10 3.87E-11 4.89E-11
Ac-227 7.16E-05 5.89E-05 1.22E-04 2.15E-05 3.83E-06
Am-241 4.96E+02 2.76E+03 2.18E+03 2.83E+03 1.35E+03
Am-242 3.33E-04 2.41E-03 2.34E-03 2.48E-03 1.08E-03
Am-242m 2.77E-01, 2.00E+00 1.95E+00 2.07E+00 8.97E-01
Am-243 5.10E+00 3.93E+01 4.81E+01 5.85E+01 1.57E+01
At-217 1.07E-18 1.79E-18 3.75E-18 1.39E-18 1.76E-18
Ba-137m 1.57E-03 7.03E-03 6.59E-03 2.35E-04 2.54E-04
Bi-210 1.21E-13 9.36E-14 1.08E-13 5.67E-14 2.27E-14
Bi-211 1.24E-11 1.02E-11 2.12E-11 3.71E-12 6.62E-13
Bi-213 1.25E-10 2.08E-10 4.37E-10 1.63E-10 2.06E-10
Bi-214 1.38E-15 1.14E-15 1.18E-15 6.76E-16 3.58E-16
C-14 6.38E+01 1.10E+02 4.11E+02 4.83E+01 4.09E+01
Cm-242 6.73E-04 4.87E-03 4.73E-03 5.02E-03 2.18E-03
Cm-244 3.98E-02 2.96E-01 6.20E-01 6.61E-01 8.91E-02
Cm-245 1.21 E-03 1.01E-02 2.22E-02, 2.38E-02 3.21E-03
Cs-135 1.80E+04 5.90E+04 4.58E+04 1.40E+03 1.85E+03
Cs-137 1.03E+04 4.62E+04 4.33E+04 1.54E+03 1.67E+03
Fr-221 9.75E-15 1.63E-14 3.41E-14 1.27E-14 1.60E-14
Fr-223 1.85E-12 1.52E-12 3.16E-12 5.55E-13 9.90E-14
1-129 9.66E+03 2.49E+04 5.19E+04 3.39E+03 9.72E+02
Nb-93m 3.25E-01 2.57E+00 1.41E+00 1.54E+00 5.72E+00
NI-59 0.OOE+00 2.12E+04 4.12E+04, 0.00E+00 0.00E+00
Ni-63 1.16E+02 8.27E+02 9.02E+02 9.99E+02 1.85E+03
Np-237 1.17E+04 1.56E+04 7.04E+04 4.78E+02 6.37E+02
Np-238 4.94E-08 3.58E-07 3.48E-07 3.69E-07 1.60E-07
Np-239 4.38E-06 3.37E-05 4.12E-05 5.02E-05 1.35E-05
Pa-231 2.04E-01 1.55E-01 3.23E-01 7.16E-02 1.35E-02
Pa-233 3.99E-04 5.31E-04 2.40E-03 1.63E-05 2.17E-05
Pa-234 1.38E-05 5.20E-06 1.31E-05 5.19E-06 1.33E-06
Pa-234m 2.51E-07 9.43E-08 2.38E-07 9.41E-08 2.40E-08
Pb-209 3.76E-11 6.27E-11 1.31E-10 4.89E-11 6.19E-11
Pb-210 1.97E-10 1.52E-10 1.75E-10 9.20E-11 3.68E-11
Pb-211 2.10E-10 1.72E-10 3.58E-10 6.28E-11 1.12E-11
Pb-214 1.85E-15 1.53E-15 1.59E-15 9.09E-16 4.81E-16
Pd-107 1.76E+04 4.53E+04 9.64E+04 7.13E+03 1.90E+03
Po-210 3.34E-12 2.58E-12 2.98E-12 1.57E-12 6.27E-13
Po-211 1.36E-16 1.12E-16 2.32E-16 4.07E-17 7.27E-18
Po-213 1.34E-22 2.23E-22 4.68E-22 1.74E-22 2.20E-22
Po-214 1.89E-22 1.56E-22 1.62E-22 9.26E-23 4.90E-23
Po-215 1.76E-16 1.44E-16 3.00E-16 5.26E-17 9.39E-18
Po-218 2.15E-161 1.78E-16 1.84E-16 1.05E-16 5.57E-17
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SST RAD

Pu-238 1.23E+01 1.73E+01 1.08E+01 1.16E+01 1.31E+01
Pu-239 3.36E+04 5.80E+04 4.68E+04 7.82E+04 7.42E+04
Pu-240 1.80E+03 3.48E+03 3.06E+03 5.46E+03 5.15E+03
Pu-241 3.80E+01 6.17E+01 8.21E+01 1.28E+02 1.08E+02
Pu-242 3.37E-03 2.44E-02 2.37E-02 2.52E-02 1.09E-02
Ra-223 1.01E-07 8.32E-08 1.73E-07 3.03E-08 5.41E-09
Ra-225 4.40E-11 7.34E-11 1.54E-10 5.73E-1 1 7.24E-11
Ra-226 6.15E-08 5.09E-08 5.27E-08 3.02E-08 1.60E-08
Rh-106 1.72E-14 4.78E-12 2.32E-11 2.74E-11 1.12E-10
Rn-219 3.98E-13 3.28E-13 6.80E-13 1.19E-13 2.13E-14
Rn-222 3.95E-13 3.26E-13 3.38E-13 1.94E-13 1.02E-13
Ru-106 1.83E-08 5.08E-06 2.47E-05 2.91E-05 1.19E-04
Sb-126 9.50E-05 2.79E-04 8.04E-05 1.67E-04 4.31E-04
Sb-126m 7.22E-07 2.12E-06 6.11E-07 1.27E-06 3.27E-06
Se-79 1.39E+03 3.61E+03 7.49E+03 4.64E+02 1.37E+02
Sm-151 2.37E+03 7.00E+03 2.08E+03 3.84E+03 9.43E+03
Sn-126 2.00E+03 5.88E+03 1.69E+03 3.52E+03 9.07E+03
Sr-90 1.08E+04 1.03E+05 5.99E+04 3.53E+04 1.37E+05
Tc-99 6.92E+04 1.79E+05 3.72E+05 2.33E+04 6.80E+03
Th-227 1.66E-07 1.37E-07 2.84E-07 4.99E-08 8.89E-09
Th-229 8.14E-06 1.36E-05 2.84E-05 1.06E-05 1.34E-05
Th-230 4.45E-04 3.89E-04 3.72E-04 2.23E-04 1.54E-04
Th-231 1.36E-03 5.55E-04 1.31E-03 5.31E-04 1.32E-04
Th-234 7.44E-03 2.80E-03 7.06E-03 2.79E-03 7.14E-04
TI-207 2.72E-11 2.24E-11 4.64E-11 8.15E-12 1.45E-12
TI-209 9.11E-17 1.52E-16 3.18E-16 1.19E-16 1.50E-16

U-233 1.24E-01 1.82E-01 6.13E-01 8.37E-02 1.22E-01

U-234 7.86E+00 7.36E+00 6.91E+00 4.87E+00 4.04E+00

U-235 3.34E+06 1.36E+06 3.20E+06 1.30E+06 3.23E+05

U-236 3.35E+00 6.47E+00 5.67E+00 1.01E+01 9.55E+00

U-237 1.18E-06 1.91E-06 2.54E-06 3.96E-06 3.33E-06

U-238 5.12E+08 1.93E+08 4.85E+08 1.92E+08 4.91E+07
Y-90 2.80E+02 2.68E+03 1.55E+03 9.15E+02 3.54E+03
Zr-93 1.81E+04 3.19E+05 9.63E+04 2.24E+05 9.11E+05

End Table 1. Base Case
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SST RAD

Table 2. Base Case

release concentration grams/cubic meter
1WSS 2WSS lESS 2ESS 4ESS

\c-225 4.07E-16 3.92E-16 1.98E-15 5.40E-14 3.60E-15
Ac-227 9.80E-10 4.66E-10 2.33E-09 3.00E-08 2.82E-10
Am-241 6.78E-03 2.19E-02 4.16E-02 3.95E+00 9.92E-02
Am-242 4.56E-09 1.91E-08 4.46E-08 3.47E-06 7.94E-08
Am-242m 3.79E-06 1.59E-05 3.712-05 2.88E-03 6.60E-05
Am-243 6.99E-05 3.11E-04 9.16E-04 8.16E-02 1.16E-03
At-217 1.47E-23 1.41E-23 7.13E-23 1.95E-21 1.30E-22
Ba-137m 2.15E-08 5.56E-08 1.262-07 3.28E-07 1.87E-08
8i-210 1.66E-18 7.40E-19 2.06E-18 7.91E-7 1.67E-18
8i-211 1.70E-16 8.06E-17 4.03E-16 5.18E-15 4.88E-17
81-213 1.71E-5 1.65E-15 8.32E-15 2.27E-13 1.51E-14
81-214 1.89E-20 9.02E-21 2.25E-20 9.43E-19 2.63E-20
C-14 8.74E-04 8.71E-04 7.83E-03 6.74E-02 3.01E-03
Cm-242 9.212-09 3.85E-08 9.01E-08 7.01E-06 1.60E-07
Cm-244 5.45E-07 2.34E-06 1.18E-05 9.23E-04 6.56E-06
Cm-245 1 .6E-08 8.02E-08 4.24E-07 3.32E-05 2.36E-07
Cs-135 2.46E-01 4.67E-01 8.73E-01 1.96E+00 1.36E-01
Cs-137 1.41E-01 3.65E-01 8.25E-01 2.15E+00 1.23E-01
Fr-221 1.332-19 1.29E-19 6.49E-19 1.77E-17 1.18-18
Fr-223 2.53E-17 1.20E-17 6.02E-17 7.74E-16 7.292-18
1-129 1.32E-01 1.97E-01 9.89E-01 4.73E+00 7.15E-02
Nb-93m 4.44E-06 2.03E-05 2.69E-05 2.15E-03 4.21 -04
Ni-59 0.00E+00 1.67E-01 7.85E-01 0.0E+0 0.00E+00
Ni-63 1.59E-03 6.54E-03 1.72E-02 1.392+00 1.37E-01
Np-237 1.61E-01 1.24E-01 1.34E+00 6.68E-01 4.69E-02

Np-238 6.76E-13 2.83E-12 6.62E-12 5.15E-10 1.18E-11

Np-239 I5.99E-11 2.67E-10 7.86E-10 7.00E-08 9.91E-10
Pa-231 2.79E-06 1.23E-06 6.16E-06 9.98E-05 9.94E-07
Pa-233 5.46E-09 4.20E-09 4.56E-08 2.27E-08 1.59E-09
Pa-234 1.89E-10 4.112-I1 2.50E-10 7.24E-09 9.772-11
Pa-234m 3.43E-12 7.46E-13 4.53E-12 1.31E-10 1.772-12
Pb-209 5.14E-16 4.962-16 2.50E-15 6.83E-14 4.55E-15
Pb-210 2.692-15 1.20E-15 3.34E-15 1.282-13 2.71E-15
Pb-211 2.87E-15 1.36E-15 6.82E-15 8.77E-1 8.252-16
Pb-214 2.54E-20 1.21E-20 3.02E-20 1.27E-18 3.54E-20
Pd-107 2.41E-01 3.58E-01 1.84E+00 9.952+00 1.40E-01
Po-210 4.58E-17 2.04E-17 5.68E-17 2.18E-15 4.61E-17
Po-211 1.862-21 8.84E-22 4.42E-21 5.692-20 5.35E-22
Po-213 1.832-27 1.77E-27 8.92E-27 2.43E-25 1.62E-26
Po-214 2.58E-27 1.23E-27 3.08E-27 1.29E-25 3.61E-27
Po-215 2.40E-21 1. 14E-21 5.71E-21 7.34E-20 6.91E-22
Po-218 2.94E-21 1.40E-21 3.50E-21 1.47E-19 4.10E-21
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SST RAD

Pu-238 1.68E-04 1.37E-04 2.06E-04 1.62E-02 9.63E-04
Pu-239 4.60E-01 4.59E-01 8.92E-01 1.09E+02 5.46E+0
Pu-240 2.47E-02 2.76E-02 5.82E-02 7.62E+00 3.79E-01
Pu-241 5.21E-04 4.88E-04 1.56E-03 1.79E-01 7.92E-03
Pu-242 4.62E-08 1.93E-07 4.52E-07 3.51E-05 8.04E-07
Ra-223 1.38E-12 6.58E-13 3.29E-12 4.23E-11 3.98E-13
Ra-225 6.02-16, 5.81E-16 2.93E-15 7.99E-14 5.33E-15
Ra-226 8.42E-13 4.02E-13 1.00E-12 4.21E-11 1.18E-12
Rh-106 2.36E-19 3.78E-17 4.43E-16 3.82E-14 8.23E-19
Rn-219 5.45E-18 2.59E-18 1.30E-17 1.67E-16 1.57E-18
Rn-222 5.40E-18 2.58E-18 6.44E-18 2.70E-16 7.54E-18
Ru-106 2.51E-13 4.02E-11 4.70E-1O 4.06E-08 8.75E-09
Sb-126 1.30E-09 2.21E-09 1.53E-09 2.33E-07 3.172-08
Sb-126m 9.88-12. 1.68E-11 1.16E-11 1.77E-09 2.41E-10
Se-79 1.91 E-02 2.85E-02 1.43E-01 6.47E-01 1.01E-02
Sm-151 3.25E-02 5.54E-02 3.96E-02 5.36E+00 6.94E-01
Sn-126 2.74E-02 4.65E-02 3.23E-02 4.91E+00 6.68E-01
Sr-90 1.48E-01 8.14E-01 1.14E+00 4.92E+01 1.01E+01
Tc-99 9.48E-01 1.42E+00 7.09E+00 3.24E+01 5.01E-01
Th-227 2.28E-12 1.082-12 5.41E-12 6.96E-11 6.55E-13
Th-229 1.112-10 1.07E-10 5.422-10 1.48E-08 9.862-10
Th-230 6.10E-09 3.08E-09 7.08E-09 3.12E-07 1.13E-08
Th-231 1.87E-08 4.392-09 2.49E-08 7.41E-07 9.71E-09
Th-234 1.02E-07 2.222-08 1.34E-07 3.90E-06 5.26E-08
TI-207 3.72E-16 1.77E-16 8.84E-16 1.14E-14 1.07E-16
TI-209 1.25E-21 1.20E-21 6.07E-21 1.65E-19 1.10E-20
U-233 1.702-06 1.44E-06 1.172-05 1.17E-04 9.00E-06

U-234 1.08E-04 5.82E-05 1.32E-04 6.79E-03 2.97E-04

U-235 4.57E+01 1.072+01 6.10E+01 1.81E+03 2.38E+01

U-236 4.58E-05 5.12E-05 1.08E-04 1.41E-02 7.03E-04

U-237 1.61E-11 1.51E-11 4.84E-11 5.53E-09 2.45E-10

U-238 7.00E+03 1.52E+03 9.24E+03 2.68E+05 3.61E+03
Y-90 3.83E-03 2.12E-02 2.96E-02 1.28E+00 2.61E-01
Zr-93 2.472-01 2.52E+00 1.83E+00 3.13E+02 6.71E+01

End Table 2. Base Case ____ ________
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SST RAD

Table 1. Nominal Case
NOMINAL CASE I
Radionuclide Tank Residual Inventory (modified for solubility based on sludge wash factors)
#of Tanks1 401 431 40 161 101
grams 1WSS 12WSS |1ESS 12ESS 14ESS 0

C-14 6.38E-02 1.10E-01 4.11E-01 4.83E-02 4.09E-02

7-9 
9 1

1-129 9.66E+00 2.49E+01 5.19E+01| 3.39E+00| 9.72E-01

INVENT.XLS

9/1$

_ _ I _ _ I _ _ _ _ _ _ _ _
I
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SST RAID /ri

INVENT.XLS

Tc-99 6.92E+O1 1.79E+02 3.72E+02 2.33E+01 6.80E+00

U-233 1.24E-03 1.82E-03 6.1 3E-03 8.37E-04 1.22E-03
U-234 7.86E-02 7.36E-02 6.91 E-02 4.87E-02 4.04E-02
U-235 3.34E+04 1.36E+04 3.20E+04 1.30E+04 3.23E+031
U-236 3.35E-02 6.47E-02 5.67E-02 1.OI E-01 9.55E-02

U27 1.18E-08 1.91 E-08 2.54E-08 3.96E-08 3.33E-08
U-238 5.12E+06 1.93E+06 4.85E+06 1.92E+06 4.912E+05 ___

End Table 1. Nominal Ca se
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SST RAD

Table 2.Nominal Case I
Radionuclide Tank Residual Inventory Solubility (modified
for solubility based on sludge wash factors), GRAMSIMA3
# of Tanks 40 43 40 16 10

|IWSS 2WSS 1ESS 2ESS 4ESS

C-14 8.74E-04 8.71 E-04 7.82E-03 6.72E-02 3.OI1E-03

1-129 1.32E-01 1.97E-01 9.88E-O1 4.71E+OO 7.15E-02 ___

INVENT.XLS6/24/96 Page 1



SST RAD

INVENT.XLS

Rh- ,

Tc-99 9.48E-01 1.42E+00 7.08E+00 3.23E+01 5.01E-01

U-233 1.70E-06 1.44E-06 1.17E-05 1.17E-04 9.OOE-061

U-234 1.08E-04 6.82E-05 1.32E-04 6.79E-03 2.97E-04
U-235 4.57E+01 1.07E+01 6.102+01 1.81 E+03 2.38E+01
U-236 4.S8E-05 5.12E-05 '1.08E-04 I11E-02 7.03E-04
U-237 1.61 E-1 1 1.512E-11I 4.84E-11 I 5.53E-09 2.45E-10
U-238 7.0020 1.52E+03 9.24E+03 2.68E+05 3.61 E+03

End Table 2. Nominal Case __________________ ____
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SST Chemicals

Table 3. Base Case I

SST CHEM INVENTORY (METRIC TONS)
Chemical 1WSS 2WSS lESS 2ESS 4ESS Total

AI(OH)4- 454r'-21 4.97E-93 7.49Es02o 5sr=oa'- 4 44&04 244EA03
Ba+2 SJ-0 4.79EO4. 4.02-04 4.OOS-O4 4norm 04- &07E-0
Bi+3 1.66E+02 2.80E-01 9.43E+01 5.95E-01 0.00E+00 2.61E+02
003-2 7.07E+02 1.60E+02 6.40E+02 6.20E+01 3.80E+01 1.61E+03
Ca+2 1.98E-01 5.82E+00 5.47E+01 6.59E+01 1.54E+00 1.28E+02
Cd+2 8.63E-01 1.02E+00 1.16E+00 6.11E-01 1.78E-01 3.84E+00
Ce+3 1.16E+02 3.16E+01 8.82E+01 2.64E-01 1.75E+00 2.38E+02
Cl- 2.19E+01 5.41E+00 1.26E+01 4.01E-02 6.03E-02 4.00E+01

Cr+3 1.26E+00 8.33E+01 7.25E-01 1.65E-01 8.24E-01 8.63E+01
CrO4-2 3.12E-01 2.07E+01 1.80E-01 4.10E-02 2.04E-01 2.14E+01

F- 1.44E+02 3.00E+01 2.32E+02 4.00E+02 3.08E-01 8.06E+02
Fe+3 1.70E+02 8.18E+01 1.42E+02 5.55E+01 1.78E+02 6.27E+02
Fe(CN)6-4 2.19E+00 1.37E+00 2.48E+02 7.00E+01 5.30E-02 3.22E+02
Hg+ 2.02E-01 2.40E-01 2.73E-01 1.43E-01 4.17E-02 9.OOE-01
Mn+4 2.10E+01 1.13E+01 1.31E+01 5.12E+01 2.35E+01 1.20E+02
Na+ 1.45E+04 2.11E+04 1.16E+04 2.10E+03 3.78E+03 5.31E+04
Ni+2 5.02E+00 3.33E+00 1.25E+02 4.40E+01 9.93E-01 1.78E+02
N02- 1.76E+03 8.01E+02 2.06E+03 4.74E-01 2.32E+02 4.85E+03
N03- 2.63E+04 4.55E+04 1.89E+04 2.59E+02 4.89E+03 9.59E+04

OH- 4.53E+02 2.30E+03 1.04E+03 1.42E+03 1.74E+02 5.39E+03
P04-3 2.67E+03 1.10E+02 1.81E+03 2.98E+01 8.61E-01 4.62E+03
Pb 2.35&.00 &86E600 4.2?&-02 6&o2a' 4.03E-04 4.?6E42
SiO3- 5.60E+02 2.40E+02 4.04E+02 7.07E-01 2.09E+00 1.21E+03
S04-2 6.34E+02 2.48E+02 5.53E+02 1.34E+02 8.35E+01 1.65E+03
Sr+2 9.38E-04 6.98E-02 3.59E+01 2.53E-02 5.78E-02 3.60E+01
W+4 3.24E+00 3.84E+00 4.38E+00 2.30E+00 6.68E-01 1.44E+01
Zr+4 1.40E+01 2.31E+01 6.50E+00 2.03E+02 1.28E-01 2.46E+02
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SST Chemicals

Table 4. Base Case, SST Release Solubility grams/meter3

(Based on congruent release model where
solubility=(mass constituent/mass nitrate)*360,000 g/mA3

SOLUBILITY GRAMS/CU METER
Chemical 1WSS 2WSS 1ESS 2ESS 4ESS
AI(OH)4- 6.23E03 1~4'Ea0 14.37-04 I'.05E+05 1.34E*-3
Ba+2 4.91 F=4 1.4?2E400 1.,Q6E *O 1.52E+02 440E-+04
Bi+3 2.28E+03 2.21 E+00 1.79E+03 8.27E+02 O.OOE+00
03-2 9.68E+03 1.27E+03 1.22E+04 8.62E+04, 2.80E+03

Ca+2 2.72E+00 4.60E+01 1.04E+03 9.16E+041 1.13E+02
Cd+2 1.18E+01 8.07E+00 2.21E+01 8.49E+021 1.31E+01
Ce+3 1.59E+03 2.50E+02 1.68E+03 3.67E+021 1.29E+02
Cl- 3.OOE+02 4.28E+01 2.40E+02 5.58E+01 4.44E+00
Cr+3 1.73E+01 6.59E+02 1.38E+01 2.30E+021 6.07E+01
CrO4-2 4.28E+00 1.63E+02 3.42E+00 5.69E+01 1.50E+01
F- 1.97E+03 2.38E+02 4.42E+03 5.56E+05 2.27E+01
Fe+3 2.33E+03 6.47E+02 2.70E+03 7.72E+04 1.31E+04
Fe(CN)6-4 3.OOE+01 1.08E+01 4.72E+03 9.73E+04 3.90E+00
Hg+ 2.77E+00 1.90E+00 5.19E+00 1.99E+02 3.07E+00
Mn+4 2.87E+02 8.92E+01 2.49E+02 7.12E+04 1.73E+03
Na+ 1.99E+05 1.67E+05 2.20E+05 2.92E+06 2.78E+05
Ni+2 6.88E+01 2.64E+01 2.37E+03 6.12E+04 7.31E+01
NO2- 2.41 E+04 6.33E+03 3.92E+04 6.59E+02 1.71 E+04
N03- 3.60E+05 3.60E+05 3.60E+05 3.60E+05 3.60E+05
OH- 6.20E+03 1.82E+04 1.98E+04 1.97E+06 1.28E+04
P04-3 3.66E+04 8.70E+02 3.44E+04 4.14E+04 6.34E+01
Pb 3.22E+01 3.06E+01 8.04E+03 9.48E+03 7.60E+00
Si03- 7.67E+03 1.90E+03 7.68E+03 9.83E+02 1.54E+02
S04-2 8.68E+03 1.96E+03 1.05E+04 1.86E+05 6.15E+03
Sr+2 1.28E-02 5.52E-01 6.82E+02 3.52E+01 4.25E+00
W+4 4.44E+01 3.04E+01 8.33E+01 3.20E+03 4.92E+01
Zr+4 1.92E+02 1.83E+02 1.24E+02 2.82E+05 9.41 E+00

NOTE: values with strike through are not reported on the WHC inventory
data package. I I
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/5/Z,3
SST Chemicals

INVENT.XLS,SST CHEM

Table 3. Nominal Case
NOMINAL CASE_ _ _

SST CHEM RESIDUAL INVENTORY (METRIC TONS)
Chemical 11WSS [2WSS 1ESS 2ESS 4ESS

N02- 1.76E+00 8.01E-01 2.06E+00 4.74E-04 2.32E-01
N03- 2.63E+01 4.55E+01 1.89E+01 2.59E-01 4.89E+00
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SST Chemicals

-0

INVENT.XLS,SST CHEM

Table 4. Nominal Case
NOMINAL CASE RESIDUAL SOLUBILITY

BASED ON CONGRUENT DISSOLUTION (GRAMS/MA3)
Chemical 1WSS 2WSS I1ESS 2ESS 4ESS

N02- 2.41E+04 6.33E+03 3.92E+04 6.59E+02 1.71E+04
N03- 3.60E+05 3.60E+05 3.60E+05 3.60E+05 3.60E+05
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DST RADS

Table 5. Base Case, 1% Tank Residuals
Radionuclides 3WDS 3EDS B |5EDS
(grams) Soluble Insoluble Soluble Insoluble Soluble Insoluble

C-14 O.OOE+00 1.81E-03 7.64E-01 4.46E+00 1.18E-02 0.00E+00
Sr-90 1.55E+00 2.84E+00 4.62E+01 7.44E+02 9.66E-01 4.05E+00
Y-90 4.20E-02 7.69E-02 1.25E+00 2.01E+01 2.61E-02 1.09E-01
TC-99 2.17E+03 0.00E+00 9.14E+03 2.36E+02 9.46E+02 0.OOE+00
Cs-137 4.20E+02 4.52E+00 2.47E+03 6.29E+01 4.31E+02 1.92E+01
Ba-137 6.75E-05 7.27E-07 3.97E-04 1.01E-05 6.94E-05 3.09E-06
Eu-154 1.65E-02 1.66E-04 2.71E+00 7.33E-02 2.02E-02 0.OOE+00
Np-237 0.OOE+00 5.39E+00 9.60E+01 5.44E+02 1.45E+00 5.66E-01
Pu-238 0.OOE+00 6.15E-01 9.68E-02 2.99E-03 8.21E-02 3.19E-02
Pu-239 3.27E+00 3.42E+02 1.97E+02 6.01E+02 1.01E+01 1.96E+02
Pu-240 2.23E-01 3.34E+01 1.35E+01 4.25E+01 6.91E-01 1.52E+01
Pu-241 1.11E-031 2.17E+00| 8.69E-02 1.17E+00 3.35E-03 1.21E+00
Am-241 4.76E-01 3.42E+01 1.47E+01 1.56E+02 4.29E-01 1.02E+00

6/10/96
N
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Table 6. Base Case
SOLUBILITY IN GRAMS/CU M =(MASS NUCLIDE/MASS NO3)-360000

Decayed to 12/31/1995
Radionuclide 3WDS 3EDS SEDS

N03 (grams) 1.04E+09 2.20E+09 4.45E+09
C-14 6.27E-05 8.56E-02 9.52E-05
Sr-90 1.52E-01 1.29E+01 4.05E-02
Y-90 4.11E-03 3.49E-01 1.10E-03
Tc-99 7.502+01 1.54E+02 7.66E+00
1-129 4.46E-02 1.522-01 1.71E-02
Cs-137 .1.47E+01 44E+01 3.65E+00
Ba-1 37 2.36-0 6.66E-06 5.87E-07
Eu-154 5.61E-04 4.45E-02 1.60E-04
Np-237 _1.86E-01 1.05E+01 1.63E-02
Pu-238 2.13E-02 1.63E-03 9.22E-04
Pu-239 .20E+01 1.31E+01 1.67E+06
Pu-240 _1.16E+00 9.17E-01 1.28E-01
Pu-241 6.23E-02 1.71E-02 8.12E-03

m-241 1.20E+00 2.802+00 1.17E-02

INVENT.XLS

DST RADS
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DST RADS

INVENT.XLS

Table 5. Nominal Case Table 6. Nominal Case
Nominal Case I I Nominal Case Residual Solubility
RESIDUAL Modified based on Solubility RESIDUAL Modified based on Solubility
Radionuclides 3WDS 3EDS 5EDS Radionuclides 3WDS 3EDS 5EDS
(grams) (GRAMS/MA3)

C-14 0.0002 0.5227 0.0012 C-14 6.27E-05 8.56E-02 9.52E-05

Tc-99 216.56 937.32 94.648 Tc-99 7.49E+01 1.54E+02 7.66E+00
1-129 12.892 92.795 21.076 1-129 4.46E-02 1.52E-01 1.71E-02
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DST CHEM

a le . ase CaseI
DST CHEM INVENTORY (METRIC TONS)
Chemical 5EDS 3EDS 3WDS Total

Soluble Insoluble Soluble Insoluble Soluble Insoluble Soluble Insoluble
Ag+ 1.18E-01 1.32E+00 2.10E-01 5.80E-02 3.28E-01 1.38E+00
AI+3 4.29E+01 1.05E+01 1.44E+01 6.78E+01
As+5 7.44E-01 2.97E-01 2.60E-02 2.01E-01 7.70-01 4.98E-01
B+3 1.01E-01 9.17E-01 6.64E-02 3.52-01 7.66E-02 5.19E-01 9.94E-01
Ba+2 7.01E-01 2.41E+00 6.16E-02 6.80E-01 2.93E-02 3.26E-03 7.91E-01 3.09E+00
Be+2 5.97E-02 7.47E-03 2.22E-02 1.39E-04 8.19E-02 7.61E-03
Bi+3 1.74E+00 5.21E-01 2.26E+00
Ca+2 5.19E+00 7.96E+00 6.02E-01 1.79E+00 4.482+00 1.74E+00 1.03E+01 1.15E+01
Cd+2 9.682-02 5.77E+00 7.05E-02 2.422-01 1.67E-01 6.01E+00
Ce+3 2.26E-02 2.782+00 2.64E-01 2.26E-02 3.04E+00
Cr+3 9.31 E+00 7.84E-01 2.40E+01 3.41E+01
Cu+2 7.32E-02 4.05E-01 1.04E-01 3.42E-01 1.77E-01 7.46E-01
Fe+3 3.10E+00 1.32E+02 8.18E-01 1.92E+00 4.172+00 8.27E+00 8.09E+00 1.42E+02
Hg+ 5.75E-02 _____9.43E-04 ____ ___ ____ 5.842-02

K+ 1.48E+02 1.79E+00 3.60+02 1.80E+01 3.72E+01 3.76E-01 5.46E+02 2.02E+01
La+ 2.19E-01 1.96E+01 1.35E+0C 9.89E-02 2.19E-01 2.10E+01
Li+ 2.13E-03 2.26E-02 3.64E-03 1.96E-03 5.77E-03 2.46E-02
Mg+2 5.26E-01 9.53E+00 3.92E-01 1.00E+00 4.67E-02 4.62E-01 9.65E-01 1.10E+01
Mn+4 6.11E+00 1.48E+01 1.53E-01 9.50E-01 1.42E+00 2.29E+00 7.692+00 1.80E+01
Mo+6 3.82E+00 2.09E-01 2.722-01 5.25E-01 7.85E-01 6.71E-02 4.87E+00 8.01E-01
Na+ 6.OOE+03 6.512+01 2.80E+03 1.36E+02 2.13E+03 2.85E+01 1.09E+04 2.30E+02
Ni+2 3.34E+00 5.03E+00 1.81E-01 4.30E-01 5.54E-01 1.11E+00 4.07E+00 6.57E+00
Pb+4 5.63E-01 2.95E+00 1.392+00 3.34E-01 1.96E+00 3.28E+00
Pd 1.20E+00 1.20E+00
Si03- 1.03E+01 1.99E+02 5.13E+00 9.32E+00 7.15E-02 6.01E+00 1.55E+01 2.14E+02
U02+2 2.19E+00 7.91E-01 1.362+00 2.60E+01 3.54E+00 2.68E+01
V+5 6.20E-02 8.092-03 1.66E-01 1.37E-02 6.20E-02 1.88E-01
W+6 7.47E-01 7.47E-01
Zn+2 3.50E-01 4.20E-01 2.142+00 2.80E-01 1.10E+00 2.45E-01 3.59E+00 9.45E-01
Zr+4 2.30E-01 1.85E+01 2.18E-01 2.582+02 1.85E-01 4.48E-01 2.77E+02
AI(OH)4-2 2.44E+03 8.34E+02 1.19E+03 4.47E+03
003-2 9.41E+02 5.17E+01 8.43E+02 3.00E+00 8.392+01 3.61E+00 1.87E+03 5.83E+01
Cl- 1.472+02 5.75E-01 5.24E+01 3.60E-02 7.412+01 8.77E-01 2.73E+02 1.49E+00
Cr(OH)4- 4.06E+01 1.14E+01 6.01E+01 1.12E+02
F- 3.56E+01 6.39E-01 3.02E+02 1.81E+01 8.63E+00 3.63E-01 3.46E+02 1.91E+01
S04-2 2.772+02 1.96E+00 7.10E+01 1.25E+00 3.832+01 3.46E+00 3.86E+02 6.68E+00
N03- 4.43E+03 2.04E+01 2.19E+03 8.28E+00 1.03E+03 1.04E+01 7.65E+03 3.91E+01
N02- 1.94E+03 5.06E+00 8.88E+02 8.94E-01 2.44E+02 2.46E+00 3.07E+03 8.42E+00
P04-3 7.13E+01 1.40E+01 7.44E+01 4.57E-01 6.63E+01 7.16E+00 2.12E+02 2.16E+01
OH- 9.99E+02 2.45E+01 6.97E+02 5.96E+01 2.03E+02 3.87E+01 1.90E+03 1.232+02
TOC I8.82+02 6.25E+01 5.48E+01 4.60E+00 1.28E+02 1.29E+00 9.90E+02 6.842+01
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DST CHEM

Table 8. Base Case I I
CHEMICAL SOLUBILITY GRAMS/CUBIC METER
Chemical 5EDS 3EDS 3WDS _

Ag+ 1.16E+02 3.43E+01 2.01E+01
AI+3 3.47E+03 1.72E+03 5.00E+03
As+5 8.42E+01 4.26E+00 6.97E+01
B+3 8.23E+01 1.09E+01 1.48E+02|
Ba+2 2.52E+02 1.22E+02 1.13E+01.
Be+2 5.43E+00 3.66E+00 0.00E+00|
Bi+3 1.40E+02 8.53E+01 0.00E+00
Ca+2 1.06E+03 3.92E+02 2.15E+03
Cd+2 4.75E+02 1.16E+01 8.36E+01
Ce+3 2.27E+02 0.00E+00 9.12E+01
Cr+3 7.53E+02 1.28E+02 8.32E+03
Cu+2 3.86E+01 1.71E+01 1.18E+02
Fe+3 1.09E+04 4.48E+02 4.31E+03
Hg+ 4.65E+00 1.54E-01 0.00E+00
K+ 1.21E+04 6.19E+04 1.30E+04
La+ 1.60E+03 2.21E+02 3.42E+01
Li+ 2.00E+00 0.00E+00 1.94E+00
Mg+2 8.13E+02 2.28E+02 1.76E+02
Mn+4 1.69E+03 1.81E+02 1.28E+03
Mo+6 3.26E+02 1.31E+02 2.95E+02
Na+ 4.91E+05 4.81E+05 7.48E+05
Ni+2 6.77E+02 1.00E+02 5.75E+02
Pb+4 2.84E+02 2.28E+02 1.16E+02
Pd 9.70E+01 0.00E+00 0.OOE+00
Si03- 1.69E+04 2.37E+03 2.10E+03
U02+2 2.41E+02 4.48E+03 0.00E+00
V+5 5.67E+00 2.72E+01 4.74E+00
W+6 6.04E+01 0.00E+00 0.00E+00
Zn+2 6.23E+01 3.95E+02 4.66E+02
Zr+4 1.51E+03 4.23E+04 6.39E+01
AI(OH)4-2 1.97E+05 1.37E+05 4.13E+05
C03-2 8.03E+04 1.38E+05 3.03E+04
Cl- 1.19E+04 8.59E+03 2.59E+04
Cr(OH)4- 3.28E+03 1.87E+03 2.08E+04
F- 2.93E+03 5.24E+04 3.11E+03
S04-2 2.26E+04 1.18E+04 1.45E+04
N03- 3.60E+05 3.60E+05 3.60E+05
N02- 1.57E+05 1.46E+05 8.51E+04
P04-3 6.91E+03 1.23E+04 2.54E+04
OH- 8.28E+04 1.24E+05 8.37E+04
TOC 7.04E+04 9.73E+031 4.46E+04
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DST CHEM

Table 7. Nominal Case I Table 8. Nominal Case 1
Nominal Case Residual Inventory Nominal Case Residual Solubilityj
DST CHEM INVENTORY (grams) DST CHEM INVENTORY (GRAMS/MA3)
Chemical 5EDS 3EDS 3WDS Chemical 5EDS 3EDS 3WDS

U02+2 2.98E+04 2.15E+04 O.OOE+0O 0 __ U02+2 2.41E+02 4.48E+03 O.OOE+OO

N03- 4.455+06 2.20E+06 1.04E+06 ____ ___ N03- 3.60E+05 3.60E+05 3.60E+05
N02- 1.95E+06 8.89E+06 2.46E+05 N02- 1.57E+05 1.465+05 8.53E+04

INVENT.XLS
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combo low chart

Combo Low

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
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combo low
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Page 1

1A 8 9 102 12
Radionuclide fji2~SOAk OS ~ 0.* BX-104 B-ill BX-106 iFA'yiO k
Cumulative % T 26.18% 34.98% 43.24% 47.47% 51.42% 55.05% 58.19% 61.19% 64.06% 66.66% 68.99% 71.30%
Cumulative % 0.00% 0.00% 0.00% 36.64% 45.81% 57.31% 57.31% 60.92% 64.90% 66.50% 66.50% 72.74%
Cumulative % 1.29% 36.91% 36.91% 40.74% 44.72% 53.27% 53.27% 57.57% 64.98% 67.05% 67.05% 69.80%
Cumulative % 1 2.46% 4.79% 6.40% 18.30% 23.12% 27.54% 31.71% 35.35% 38.86% 42.01% 46.32% 54.39%

Cumulative % 0.00% 0.00% 0.00% 0.00% 0.18% 0.27% 0.27% 0.27% 0.28% 0.29% 0.29% 0.29%

Se79 cum % 0.00% 0.00% 0.00% 0.00% 11.55% 22.21% 22.21% 30.94% 39.33% 46.96% 46.96% 46.96%
U235 cum % 0.00% 0.00% 0.00% 0.00% 0.17% 0.26% 0.26 0.26% 0.27% 0.28% 0.28% 0.28%



combo low

Page 2

13 14 15 16 17 18 19 20 21 22 23 24 25
C105 X-109 Ii ih TX-118 TX-113 BY-104 BX-112 U-lb

73.21% 75.09% 76.94% 78.60% 80.18% 81.51% 82.63% 83.74% 84.80% 84.81% 85.33% 85.33% 85.33%
72.74% 72.74% 73.74% 73.74% 73.74% 73.83% 75.99% 75.99% 78.05% 78.08% 79.26% 79.27% 79.28%
69.83% 69.96% 72.67% 72.67% 72.67% 74.40% 75.46% 75.50% 79.14% 79.18% 79.76% 79.77% 79.77%
58.64% 64.07% 66.34% 72.39% 73.70% 75.40% 76.76% 78.66% 79.94% 79.95% 80.59% 80.59% 80.59%
0.29% 0.29% 0.30% 0.30% 0.30% 3.28% 3.54% 3.54% 5.14% 26.52% 36.65% 44.87% 50.62%

46.96% 46.96% 52.36% 52.36% 52.36% 56.21% 59.47% 59.47% 62.54% 62.57% 64.09% 64.09% 64.09%
0.28% 0.28% 0.29% .29% 0.29% 3.22% 3.48% 3.48% 5.07% 25.95% 35.87% 43.89% 49.61%
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Figure 2. Maximum Risk to the Residential Farmer for No Action Alternative
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Maximum Risk to Residential Farmer under No Action Alternative
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Maximum Risk to the Residential Farmer for No Action Alternative
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Percentile of Risk for Residential Farmer for No Action Alternative

10

80

Percent 50-

:o

0

2k2

0--

ztt.

4

-IL 7-
"I

T 10000

T 5000

Years

T 500

T 300

C14 1129 'Ni63 N

U236 U238

Page 1

~ -a, - , 47

4 4

4' 5

a ,- a-

a- ',4
a: 4

5',



DISCIPLINE & TITLE

AK -~-,

TWRS EIS
CALCULATION COVER SHEET

Cozmfccr/a-e ectvc H
V

Ct- Ii's
A )14C61 0v ATA A ~e /7iC /0 /47

ORIGINATOR 4. rr- / DATE

REVISION NO.

OBJECTIVE S DQ

METHODOLOGY Se r n

ASSUMPTIONS ab e

(Continue on another sheet i

CALCULATION & RESULTS ATTACHED

JACOBStORMSICALCv.SHT

f Xnece:

SIGNATUf

A/



Selective RetrievalBased on Risk Reduction

Objective: To develop a method of selective retrieval based on minimizing risk (expressed
as cancer incidence) caused by mobile radionuclides.

Methodology:
1. Examine the risk caused by the mobile radionuclides (Tc-99 C-14, U-238 and 1-129)

and determine which of them is the primary contributor to risk.
2. Develop a selection process for both DSTs and SSTs which will rank the tanks in the

decreasing order of the primary risk contributor.
3. Select the tanks for retrieval which contain the primary risk contributor, and retrieve

99% of the contents of those tanks, until a point of diminishing returns is reached.
4. Provide the results in tabular and graphical form for use by other disciplines to

determine costs, accidents, etc.

Assumptions:
1. That the quantities given in g-moles for the SST spreadsheets for tank-by-tank

inventories can be converted to Ci which will agree with the data in the Inventory Data
Package.

2. The total risk is the sum of the risks from each of the radionuclides:

Results:
1. The primary contributors to risk to the residential farmer at 5,000 years caused by the

residues remaining after retrieval Tc-99, C-14, U-238 and 1-129. These are shown on
the graph marked TPASORT.XLS Chart 1.

2. The risk contributors have been ranked according to the per cent of risk that each
contributes on the table "Risk To Residential Farmer From Tank Residues, 5,000
Years." Tc-99 and C-14 each contribute 46% of the risk, U-238 contributes 5%, and
1-129 contributes 3%. This table also shows Curies, risk per Ci, and relative risk per
Ci. A Curie of C-14 has 6 times the risk as a Curie of Tc-99.

3. Previous investigations of selective retrieval have shown that retrieving Tc-99 will also
retrieve almost an equal quantity of C-14. Since it would not be a practical matter to
retrieve the C-14 (there is no practicable way of immobilizing it), the ranking and
selection process was based on Tc-99.

4. The Tc-99 content of the SSTs was converted to Ci by using the conversion factor
16,600 g-moles = 11,000 Ci. The tanks were then ranked in descending order of Tc-
99 content, and the cumulative percentage of Tc-99 recovery was calculated as a
function of the number of tanks retrieved. The results of this ranking and recovery
process are shown on the graph titled "Tc-99 Ci Retrieved from SSTs & DSTs." This
graph shows that by the time 23 tanks have been retrieved, 85% of the Tc-99 will have
been recovered for further processing. The details of the ranking and recovery process
are shown on the chart titled "Retrieval of Mobile Radionuclides from DSTs and
SSTs". The lines in the chart showing Ci, % of total (next to the bottom line for each
radionuclide) represent the percent retrieved from each particular tank. As an



example, for tank 10 (SX7103) this is 2.57+ %. This means that Tc-99 recovery has
increase by 2.57% by retrieving tank 10. An examination of the chart shows that the
incremental recovery is 1.04% for tank 21, and after that it starts to drop below one
per cent. For purposes of this calculation, the recovery process was terminated after
23 tanks.

5. The results of the ranking and recovery process orithe remaining mobile radionuclides
are shown on the chart titled "Per Cent Curies Retrieved From SSTs & DSTs." The
recovery of C-14 is 79%, the recovery of 1-129 is 66%, and the recovery of U-238 is
5%.

6. The number of Curies retrieved by the ranking and recovery process is shown on the
graph titled "Curies Retrieved From SSTs & DSTs." The Curies recovered from Tc-
99 are 2.75E+04, from C-14 they are 4.24E+03, from U-238 they are 2.64E+01, and
from 1-129 they are 1.07E+01.

7. A calculation of risk reduction is also shown in tabular form in the table titled "Risk
Reduction, Sample Calculation." This shows that the risk has been reduced to 4.72E-
05, which is 22% of the original value of 2.14E-04.
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Risk To Residential Farmer
From Tank Residues
5,000 Years

Radionuclide

Tc-99

C-14

U-238

1-129

Total

Cancer, % of Risk
Incidence

1.00E-04 46

1.00E-04 46

1.00E-05 5

5.00E-06 3

2.152-04 100
(1) From Inventory Data Package

SST Ci()

1.10E+04

3.OOE+03

481

16

DST Ci(1)

2.11E+04

2.34E+03

NR

NR

Total Ci

3.21E+04

5.34E+03

481

16

Risk/Ci Relative.
Risk/Ci

3.12E-09 1

1.87E-08 6

2.08E-08 7

3.13E-07 100



Tc-99 Ci Retrieved from SSTs & DSTs
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Retrieval of Mobile Radionuclides from DSTs and SSTs
Tc-99
Tank No.
DSTs Outlined
Ci, cale. from data pkg.(99%)

Tc-99 Cum. Ci
C,% 0/0 of total
Tc-99 Cum. %.

C-14
g-moles, SSTs only
Curies (100%)
Ci, from data pkg.(99%)
C-14 Cum. Ci
Cf, % of total
C-14 Cum. % .

U-238
g-moles, SSTs only
Curies (100%)
Ci, from data pkg.(99%)
U-238 Cum. Cf
C, % of total
U-238 Cum. %

1-129
g-moles, SSTs only
Curies (100%)
Cf, from data pkg.(99%)
1-129 Cum. Cf
CI, % of total
1-129 Cum. %

1
102-AN

8.32E+03
8.32E+03
25.92003
25.92003

68.72115
68.03394
6.80E+01

1.27
1.27

0.00E+00
0
0

0
0

0.00E+00
0
0

2
107AN

2.80E+03
1.11E+04
8.710558
34.63059

1898.571
1879.585
1.95E+03

35.20
36.47

0.00E+00
0

0.00

0
0

0.00E+00
0

0.00

3
103SY

2.62E+03
1.37E+04
8.175741
42.80633

0
0

1.95E+03
0.00

36.47

0.00E+00
0

0.00

0
0

0.00E+00
0

0.00

4
101AZI

1.35E+03
1.51E+04
4.193279
46.99961

203.7464
201.7089
2.15E+03

3.78
40.25

0.00E+00
0

0.00

0
0

0.00E+00
0

0.00

5
BX-104

1.25E+03
1.63E+04
3.903302
50.90291

18.7
212.432

210.3077
2.36E+03

3.94
44.19

10400
0.8424

0.833976
8.34E-01
0.173384

0.17

217
1.8445

1.826055
1.83E+00
11.41284

11.41

6 7
B-111 101SY

1.15E+03 9.99E+02
1.75E+04

3.59676
54.49967

40.1
455.536

450.9806
2.81E+03

8.45
52.63

5410
0.43821

0.433828
1.27E+00
0.090193

0.26

199
1.6915

1.674585
3.50E+00
10.46616

21.88

1.85E+04
3.111796
57.61147

0
0

2.81E+03
0.00

52.63

1.27E+00
0

0.26

0
0

3.50E+00
0

21.88

8
S-112

9.51E+02
1.94E+04

2.96324
60.57471

20.2
229.472

227.1773
3.04E+03

4.25
56.89

195
0.015795
0.015637
1.28E+00
0.003251

0.27

164
1.394

1.38006
4.88E+00
8.625375

30.50

9
BX-106

9.12E+02
2.04E+04
2.840623
63.41533

34.8
395.328

391.3747
3.43E+03

7.33
64.22

489
0.039609
0.039213
1.32E+00
0.008152

0.27

158
1.343

1.32957
6.21E+00
8.309813

38.81

10
SX-103

8.27E+02
2.12E+04
2.574953
65.99028

9.72
110.4192
109.315

3.54E+03
2.05

66.26

703
0.056943
0.056374
1.38E+00

0.01172
0.29

142
1.207

1.19493
7.41E+00
7.468313

46.28



11 12 13 14
05-AN (1) 102AZ 101AWI03-AN (2)l
7.4E+02
2.19E+04
2.310883
68.30116

0
0

3.54E+03
0.00

66.26

1.38E+00
0

0.29

0
0

7.41E+00
0

46.28

7.33E+02
2.27E+04
2.283356
70.58452

146.2536
144.7911
3.68E+03

2.71
68.98

1.38E+00
0

0.29

0
0

7.41E+00
0

46.28

6.08E+02
2.33E+04
1.893645
72.47817

1.5
1.485

3.68E+03
0.03

69.00

1.38E+00
0

0.29

0
0

7.41E+00
0

46.28

5.97E+02
2.39E+04

1.85972
74.33789

7.09
7.0191

3.69E+03
0.13

69.13

1.38E+00
0

0.29

0
0

7.41E+00
0

46.28

15 16 17
BX-1051104-AN (1) 101AY

5.87E+02 5.29E+02 5.03E+02
2.44E+04 2.50E+04 2.55E+04
1.829034 1.647233 1.565432
76.16692 77.81415 79.37958

12.7
144.272

142.8293
3.83E+03

2.67
71.81

577
0.046737

0.04627
1.43E+00
0.009619

0.30

102
0.867

0.85833
8.26E+00
5.364563

51.65

0
0

3.83E+03
0.00

71.81

1.43E+00
0

0.30

0
0

8.26E+00
0

51.65

0
0

3.83E+03
0.00

71.81

1.43E+00
0

0.30

0
0

8.26E+00
0

51.65

18
C-105

4.22E+02
2.59E+04
1.316087
80.69567

8.12
92.2432

91.32077
3.93E+03

1.71
73.52

177000
14.337

14.19363
1.56E+01
2.950859

3.25

76.5
0.65025

0.643748
8.91E+00
4.023422

55.67

19 20
TX-109 102API

3.56E+02 3.54E+02
2.63E+04
1.107639
81.80331

5.01
56.9136

56.34446
3.98E+03

1.06
74.57

15800
1.2798

1.267002
1.69E+01

0.26341
3.51

61.2
0.5202

0.514998
9.42E+00
3.218738

58.89

2.66E+04
1.104112
82.90742

1.75
1.7325

3.98E+03
0.03

74.61

1.69E+01
0

3.51

0
0

9.42E+00
0

58.89

21
TX-118

3.35E+02
2.69E+04
1.042243
83.94967

17.1
194.256

192.3134
4.18E+03

3.60
78.21

94700
7.6707

7.593993
2.45E+01
1.578793

5.09

57.6
0.4896

0.484704
9.91E+00

3.0294
61.92

22
TY-103

2.64E+02
2.72E+04
0.823576
84.77324

2.88
32.7168

32.38963
4.21E+03

0.61
78.81

23000
1.863

1.84437
2.63E+01
0.383445

5.47

45.6
0.3876

0.383724
1.03E+01
2.398275

64.32

23
SX-105

2.60E+02
2.75E+04
0.809271
85.58251

2.38
27.0368

26.76643
4.24E+03

0.50
79.32

1230
0.09963

0.098634
2.64E+01
0.020506

5.49

44.9
0.38165

0.377834
1.07E+01
2.361459

66.68

Cx



Per Cent Curies Retrieved From SSTs & DSTs
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Risk Reduction
Sample Calculation

Radionuclide

Tc-99

C-14

U-238

1-129

Total

Bothret.xls

% Retrieved % Remaining

85

79

5

66

15

21

95

34

Remaining
Cancer Incidence

1.50E-05

2.10E-05

9.50E-06

1.70E-06

4.72E-05 Cancer Incidence Is Now
22 % of What It Was
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Retrieval of Mobile Radionuclides
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To Marc Nelson
From Alex Nazarali
Date June 21, 1996
Subject Cumulative Risk to the Columbia River User Local Population over 10,000 Years

The cumulative risk to the Columbia River user in the TWRS Draft EIS (Appendix D, Table
D.5.14.3 and Volume One, Table 5.11.6) was calculated based on the unit dose factors generated
by the DITTY computer code and published in Appendix F of the Disposal of Hanford Defense
High-Level, Transuranic, and Tank Wastes Final Environmental Impact Statement (HDW-EIS).

The DITTY code has undergone significant modifications since the HDW-EIS was published.
The new version of the DITTY code uses ICRP Publications 26 and 30 (ICRP 1977; ICRP 1979)
instead of ICRP Publication 2 (ICRP 1959).

The new version of the DITTY code was run to estimate the cumulative dose for the TWRS
Final EIS. The input/output of the DITTY code for each alternative and the new table that
summarizes the cumulative dose and risk to the Columbia River users over 10,000 years are
enclosed. The enclosed table will replace Tables D.5.14.3 and 5.11.6.

Note: The Ftrans.dat file in the DITTY code, which is the PNL food transport factors library was
modified by Alex Nazarali on 6/16/96 for the new runs. In this modification, the leaching factors
for neptunium and uranium changed from 3.3E-03 and 1.3E-03 respectively to 0.8. This change
makes the leaching factors of neptunium and uranium consistent with carbon, iodine, and
technetium. These five constituents are transported from the tanks to the receptors with the same
transport properties. The leaching factors were different in the DITTY code, which should be the
same for our analysis.



Table D.5.14.3 Estimated Fatality, Population Iose (person-rem), and Maximum Incremental
Dose (mrem) for the Columbia River User over 10,000 Years for all Alternatives

Alternative Total Fatality Cumulative Maximum
in 10,000 years Population Incremental Dose

Dose' in mrem

(Person-rem) (Year Received).

No Action 2.7 5460 0.82 (2900)

Long-Term Management 2.2 4400 0.75 (2830)

In Situ Fill and Cap 25.4 50800 0.15 (12000)

In Situ Vitrification 1.00E-06 0.002 - 0

Ex Situ Intermediate Separation 0.5 896 0.005 (9060)

Ex Situ No Separation 0.5 896 0.005 (9060)

Ex Situ Extensive Separation 0.5 896 0.005 (9060)

Ex Situ/In Situ Combination 2.2 4420 0.02 (12000)

Phased Implementation 0.5 *. 896 0.005 (9060)

The ICRP Publication 60 dose to risk conversion factor of 5.OE-04 cancer fatality per rem
is used.



DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
5

C 14
1129
NP237
TC99
U 238
&INPUT IWAT=1, IPATH=2, LUW=1, IPOPL=2,
CFLO=120000.,
RM=1.0, TZ=1990., TZR=0.,
PL1(1)=294830.,391538.,431210.,469891.,1273208.,4932964.,
TL(1)=1990., 2100.,2200.,2300.,2990.,11900.,
NTL=6,
USAGE(1)=0.3,0.,0.,0.,438.,17.,17.,
CONSUM(1)=15.,276.,20.,230.,40.,30.,8.5,
EXTIM=2920.,MOPYR=6, RIRR=150.,
GRWP(1)=90.,90.,90.,30.,3*90.,
YELD(O)=1.5,4.,0.84,1.3,3*0.84,

&END
5

C 14 5
1990. 0.0
2219. 0.0
2220. 8.0125
2845. 8.0125
2846. 0.0
1129 5
1990. 0.0
2219. 0.0
2220. 0.0256
2845. 0.0256
2846. 0.0
NP237 5
1990. 0.0
2219. 0.0
2220. 0.106
2845. 0.106
2846. 0.0
TC99 5
1990. 0.0
2219. 0.0
2220. 49.68
2845. 49.68
2846. 0.0
U238 5



1990. 0.0
2219. 0.0
2220. 0.7696
2845. 0.7696
2846. 0.0



DITTY Dose Calculation Prograrfi
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 1

-- DATA LIBRARIES USED --------------------- (File)---

Master Radionuclide Data: (2)
Radionuclide Master Library - Long Times (23-July-93 PDR)

Food Concentration Ratios: (8)
PNL Food Transfer Factor Library (by Z, Changed NP&U LF 6/18/96 AMN)

Fresh Water Bioaccumulation Factors: (9)
Bioaccumulation Factor Library - (30-Aug-88) RAP

External Exposure D.F.'s: (10)
External Dose Factors for GENII in person Sv/yriper Bq/X (8-May-90 RAP)

Inhalation/Ingestion D.F.'s: (30)
Worst-Case Solubilities, DITTY Internal Dose.Factors (Sv/Bq) (23-Jul-93 PDR)

Waterborne Release Data: (31)
DITIY.IN

- MASTER RADIONUCLIDE CONTROL LIST ---------------------
C 14 TC99 1129 U238 TH234 PA234 NP237
PA233

-- TERRESTRIAL/AQUATIC PATHWAY DATA FOR AN AVERAGE INDIVIDUAL

Growing
Pathway Period Yield Consumption Pathway Usage

(days) (kg/m2) (kg/yr) (kg or hr/yr)

LEAFY VEG 9.OE+01 1.5E+00 1.5E+01 FISH 3.OE-01
OTHERVEG 9.OE+01 4.OE+00 2.8E+02 CRUSTACEA 0.OE+00
EGGS 9.OE+01 8.4E-01 2.0E+0l MOLLUSES 0.OE+00
MILK 3.OE+01 1.3E+00 2.3E+02 PLANTS 0.OE+00
BEEF 9.0E+01 8.4E-01 4.OE+01 DRINKING WATER 4.4E+02
PORK 9.OE+01 8.4E-01 3.OE+01 SEDIMENT EXPOSU 1.7E+01
POULTRY 9.OE+01 8AE-01 8.5E+00 SWIMMING TIME 1.7E+01



External Exposure Time: 2.92E+03 hr/yr

---- LIQUID RELEASE PARAMETERS -------------------------------------

River Flow Rate, (ft3/sec): 1.2E+05
Reconcentration Ratio
Mixing Ratio

Months/Year Irrigated : 6.OE+00
: .OE+00 Irrigation Rate

1.0E+00 (liters/m2/month)

Input Prepared By:

Input Checked By:

1.5E+02

Date:

Date:



DITTY Dose Calculation Prograni
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: : DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06118/96 at 10:54:15.6 Page 2

-- WATER RELEASE OF EACH RADIONCLIDE PER 70-YR PERIOD (Ci) ----------

Radio- Period/ Period/ Period/ Period/ Period/
nuclide Activity Activity Activity Activity Activity

C 14 4 6.3E-01 5 8.SE-01 6 8.8E-01 7 8.SE-01 8 8.8E-01
9 8.8E-01 10 8.SE-01 11 8.8E-01 12 8.8E-01 13 2.OE-01

TC99 4 4.9E+02 5 6.8E+02 6 6.8E+02 7 6.8E+02 8 6.8E+02
9 6.8E+02 10 6.8E+02 11 6.8E+02 12 6.8E+02 13 1.5E+02

1129 4 l.3E+00 5 1.8E+00 6 1.8E+00 7 1.8E+00 8 1.8E+00
9 1.8E+00 10 1.8E+00 11 1.8E+00 12 1.8E+00 13 4.0E-01

U 238 4 3.9E+01 5 5.4E+01 6 5.4E+01 7 5.4E+01 8 5.4E+01
9 5.4E+0I 10 5.4E+01 11 5.4E+01 12 5.4E+01 13 1.2E+01

NP237 4 5.4E+00 5 7.4E+00 6 7.4E+00 7 7.4E+00 8 7.4E+00
9 7.4E+00 10 7.4E+00 11 7.4E+00 12 7.4E+00 13 1.6E+00



DITTY Dose Calculation Prograin
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 3

-- POPULATION DATA --------------------------

Population for Chronic Waterborne Release at the following Times A.D.:

Time Population

1990. 2.9E+05
2100. 3.9E+05
2200. 4.3E+05
2300. 4.7E+05
2990. 1.3E+06
11900. 4.9E+06



DITTY Dose Calculation Prograffi
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Tenn Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 4

'Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

until until
5 2270. 2.63E+02
6 2340. 6.52E+02
7 2410. 1.11E+03
8 2480. 1.63E+03
9 2550. 2.22E+03
10 2620. 2.88E+03
11 2690. 3.60E+03
12 2760. 4.39E+03
13 2830. 5.25E+03
14 2900. 5.46E+03

until until
144 12000, 5.46E+03

Dose in units of person-rem;
that is the cumulative population dose received by the local population
over 10,000 years with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Prograrfi
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 5

Cumulative Population Dose Equivalent by Radionuclide

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14
TC 99
1 129
U 238
TH 234
PA 234
NP 237
PA 233

1.1 E+00
1.5E+03

9.2E+01
6.6E+02
6.92-02
2.3E-04
3.2E+03
3.2E-02

5.0E-05
9.3E-04

2.9E-04
I.4E-04
9.0E-02
1.4E-02
1.6E-02

3.8E-01

1.1E+00
1.5E+03

9.2E+01
6.6E+02
1.6E-0-1.
1.4E-02
3.2E+03

4.1E-01

0
27
1
12
0
0
58
0

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Prograth-
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 6

Maximum Dose Increment Received By Population
In Year 2900 (70-yr Time Period Number No: 13)

Weighted
Cumulative Cumulative

Dose Weighting Dose
Organ Equivalent Factors Equivalent

Gonads 1.1E+02 2.5E-01 2.7E+01
Breast 2.9E+01 1.5E-01 4.3E+00
R Marrow 1.OE+03 1.2E-01 1.3E+02
Lung 2.9E+01 1.2E-01 3.5E+00
Thyroid 1.1E+03 3.OE-02 3.3E+01
Bone Sur 1.3E+04 3.OE-02 3.8E+02
Stomach 2.7E+03 6.OE-02 1.6E+02
Kidneys 6.9E+02 6.OE-02 4.1E+01
LL Int. 5.5E+02 6.OE-02 3.3E+01
Liver 5.3E+02 6.0E-02 3.2E+01
UL Int. 2.OE+02 6.OE-02 1.2E+01

Cumulative Effective Dose Equivalent 8.6E+02
External Dose 7.9E-02

Lifetime Effective Cumulative
Dose Equivalent 8.6E+02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Programn
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years -
Case title: .DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 7

Maximum Dose Increment Received By Individual (rem)
In Year 2900 (70-yr Time Period Number No: 13)

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 1.6E-07 7.5E-12 1.6E-07 0
TC 99 2.3E-04 1.4E-10 2.3E-04 27
1 129 1.4E-05 4.4E-11 1.4E-05.. . 1
U 238 9.9E-05 2.OE-11 9.9E-05 12
TH 234 LOE-08 1.4E-08* 2.4E-08 0
PA 234 3.5E-11 2.1E-09 2.1E-09 0
NP 237 4.8E-04 2.4E-09' 4.8E-04 58
PA 233 4.8E-09 5.7E-08 6.2E-08 0

g.' 231 -



DITTY Dose Calculation Prograri-
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWIRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 8

Population Internal Dose To Organ by Radionuclide
In Year 2900 (70-yr Time Period Number No: 13)

Radionuclide Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

C 14 1.8E-01 1.8E-01 1.8E-01 1.8E-01 1.8E-01 2.2E-01 2.2E-01 1.8E-01
TC 99 2.5E+01 2.7E+03 4.9E+01 1.6E+02 4.4E+02 2.9E+01 2.9E+01 2.5E+01
1 129 3.2E-02 4.5E-02 2.8E-02 2.8E-02 2.8E-02 3.8E-02 4.2E-02 2.6E-02
U 238 4.0E+00 5.4E+00 7.8E+00 2.7E+01 7.8E+01 1.4E+03 9.3E+01 3.7E+00
TH 234 8.0E-05 3.0E-03 7.2E-03 4.3E-02 1.3E-01 6.0E-05 5.1E-05 6.8E-06
PA 234 9.4E-07 4.6E-05 9.4E-05 2.0E-04 1.6E-04 1.7E-06 4.8E-06 1.4E-06
NP 237 7.0E-02 6.5E-01 1.6E+00 8.5E+00 2.6E+01 1.1E+04 9.2E+02 7.8E+01
PA 233 2.2E-05 1.5E-03 4.1E-03 1.8E-02 5.3E-02 5.1E-04 3.6E-04 1.1E-04

Total internal 2.9E+01 2.7E+03 5.8E+01 2.0E+02 5.5E+02 1.3E+04 1.0E+03 1.1E+02

Radionuclide Ovaries Muscle Thyroid Kidneys Liver

C 14 1.8E-01 1.8E-01 1.8E-01 0.0E+00 0.0E+00
TC 99 2.5E+01 2.5E+01 6.22+02 0.0E+00 3.4E+01
1 129 2.8E-02 6.7E-02 4.8E+02 0.0E+00 0.OE+00
U 238 3.9E+00 3.7E+00 3.9E+00 6.9E+02 0.0E+00
TH 234 8.5E-05 9.8E-06 8.7E-07 0.0E+00 1.2E-05
PA 234 2.0E-05 3.1E-06 1.1E-07 5.1E-06 3.7E-06
NP 237 7.8E+01 6.2E-02 4.6E-02 0.0E+00 5.0E+02
PA 233 1.3E-03 1.4E-04 2.6E-06 1.8E-04 1.2E-04

Total internal 1.1E+02 2.9E+01 1.1E+03 6.9E+02 5.3E+02

Population Air Submersion and External Incremental Dose by Radionuclide
In Year 2900 (70-yr Time Period Number No: 13)



Air
Submer- Exter-

Radionuclide sion nal

C 14
TC 99
1 129
U 238
TH 234
PA 234
NP 237
PA 233

9.9E-12 7.9E-06
1.2E-10 1.5E-04

7.5E-l1 4.6E-05
3.5E-11 2.1E-05
5.6E-09 1.4E-02
8.OE-10 2.2E-03
4.9E-10 2.5E-03
7.9E-09 6.OE-02

Tot 1 external 1.5E-08 7.9E-02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Prograrui
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 9
----------------------------------------------------

Population Internal Dose To Organ by Exposure Pathway

In Year 2900 (70-yr Time Period Number No: 13)

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

Inhalation 2.8E-01 8.06-05 1.3E-05 3.4E-05 8.4E-05 4.6E-01 3.6E-02 3.4E-03
Ingestion (Terr) 2.7E+01 2.7E+03 5.3E+01 1.8E+02 4.9E+02 5.8E+03 4.8E+02 6.0E+01
Ingestion (Aqua) 2.1E-01 2.0E+00 9.0E-01 4.1E+00 1.2E+01 4.6E+03 3.8E+02 3.2E+01
Drinking Water 1.8E+00 5.3E+01 3.9E+00 1.4E+01 4.0E+01 2.4E+03 1.9E+02 1.5E+01
-------------------------- -------- r--- ------- -------
Total internal 2.9E+01 2.7E+03 5.8E+01 2.0E+02 5.5E+02 1.3E+04 1.0E+03 1.1E+02

Pathway Ovaries Muscle Thyroid Kidneys Liver

Inhalation 3.4E-03 9.6E-06 8.1E-05 4.7E-04 2.0E-02
Ingestion (Terr) 6.0E+01 2.7E+01 1.0E+03 4.4E+02 2.5E+02
Ingestion (Aqua) 3.2E+01 2.1E-01 9.6E-01 1.2E+01 2.0E+02
Drinking Water 1.5E+01 1.8E+00 6.2E+01 2.4E+02 8.3E+01

Total internal 1.1E+02 2.9E+01 1.1E+03 6.9E+02 5.3E+02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management).
5

C 14
1129
NP237
TC99
U 238
&INPUT IWAT=1, IPATH=2, LUW=1, IPOPL=2,
CFLO=120000.,
RM=1.0, TZ=1990., TZR=0.,
PL1(1)=294830.,391538.,431210.,469891.,1273208.,4932964.,
TL(1)=1990., 2100.,2200.,2300.,2990.,11900.,
NTL=6,
USAGE(1)=0.3,0.,0.,0.,438.,17.,17.,
CONSUM(1)=15.,276.,20.,230.,40.,30.,8.5,
EXTIM=2920.,MOPYR=6, RIRR=150.,
GRWP(1)=90.,90.,90.,30.,3*90.,
YELD(1)=1.5,4.,0.84,1.3,3*0.84,

&END
5

C14 5
1990. 0.0
2219. 0.0
2220. 8.7092
2795. 8.7092
2796. 0.0
1129 5
1990. 0.0
2219. 0.0
2220. 0.0278
2795. 0.0278
2796. 0.0
NP237 5
1990. 0.0
2219. 0.0
2220. 0.1151
2795. 0.1151
2796. 0.0
TC99 5
1990. 0.0
2219. 0.0
2220. 54.00
2795. 54.00
2796. 0.0
U 238 5



1990. 0.0
2219. 0.0
2220. 0.8365
2795. 0.8365
2796. 0.0



DITTY Dose Calculation Prograi
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 1

-- DATA LIBRARIES USED ------------------------ (File)--

Master Radionuclide Data: (2)
Radionuclide Master Library - Long Times (23-July-93 PDR)

Food Concentration Ratios: (8)
PNL Food Transfer Factor Library (by Z, Changed NP&U LF 6/18/96 AMN)

Fresh Water Bioaccumulation Factors: (9)
Bioaccumulation Factor Library - (30-Aug-88) RAP

External Exposure D.F.'s: (10)
External Dose Factors for GENII in person Sv/yr per Bq/X (8-May-90 RAP)

Inhalation/Ingestion D.F.'s: (30)
Worst-Case Solubilities, DITTY Internal Dose.Factors (Sv/Bq) (23-Jul-93 PDR)

Waterborne Release Data: (31)
DITTY.IN

- MASTER RADIONUCLIDE CONTROL LIST -----------------------
C 14 TC99 1129 U 238 TH234 PA234 NP237
PA233

--- TERRESTRIAL/AQUATIC PATHWAY DATA FOR AN AVERAGE INDIVIDUAL

Growing
Pathway Period Yield Consumption Pathway Usage

(days) (kg/m2) (kg/yr) (kg or hr/yr)

LEAFYVEG 9.OE+01 1.5E+00 1.5E+01 FISH 3.0E-01
OTHER VEG -9.OE+01 4.OE+00 2.8E+02 CRUSTACEA 0.OE+00
EGGS 9.OE+01 8.4E-01 2.0E+01 MOLLUSES 0.OE+00
MILK 3.OE+01 1.3E+00 2.3E+02 PLANTS 0.OE+00
BEEF 9.OE+01 8.4E-01 4.OE+01 DRINKING WATER 4.4E+02
PORK 9.OE+01 8.4E-01 3.0E+01 SEDIMENT EXPOSU 1.7E+01
POULTRY 9.OE+01 8.4E-01 8.5E+00 SWIMMING TIME 1.7E+01



External Exposure Time: 2.92E+03 hr/yr

-- LIQUID RELEASE PARAMETERS -----------------------------------

River Flow Rate, (ft3/sec): 1.2E+05 Months/Year Irrigated: 6.0E+00
Reconcentration Ratio : I.OE+00 - Irrigation Rate
Mixing Ratio : I.OE+00 (liters/n2/month) : 1.5E+02

Date:Input Prepared By:

Input Checked By: Date:



DITTY Dose Calculation Prograifn
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 2

---- WATER RELEASE OF EACH RADIONCLIDE PER 70-YR PERIOD (Ci) ----------

Radio- Period/ Period/ Period/ Period/ Period/
nuclide Activity Activity Activity Activity Activity

C 14 4 3.6E+01 5 5.OE+01 6 5.OE+01 7 5.OE+01
9 5.OE+01 10 5.0E+01 11 5.OE+01 12 2.5E+01

TC99 4 2.OE+02 5 2.8E+02 6 2.8E+02 7 2.8E+02
9

1129
9

U 238
9

NP237
9

2.8E+02 10 2.8E+02 11 2.8E+02 12 1.4E+02
4 1.4E+00 5 1.9E+00 6 1.9E+00 7 1.9E+00
1.9E+00 10 1.9E+00 11 1.9E+00 12 9.9E-01
4 4.2E+01 5 5.9E+01 6 5.9E+01 7 5.9E+01
5.9E+01 10 5.9E+01 11 5.9E+01 12 3.OE+01

4 5.8E+00 5 8.1E+00 6 8.1E+00 7 8.1E+00
8.1E+00 10 8.1E+00 11 8.1E+00 12 4.IE+00

8 5.OE+01

8 2.8E+02

8 1.9E+00

8 5.9E+01

8 8.1E+00



DITTY Dose Calculation Prograni
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 3

--- POPULATION DATA ---------------------------

Population for Chronic Waterborne Release at the following Times A.D.:

Time Population

1990. 2.9E+05
2100. 3.9E+05
2200. 4.3E+05
2300. 4.7E+05
2990. 1.3E+06
11900. 4.9E+06



DITTY Dose Calculation Prograi -
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 4

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

until until
5
6
7
8
9

10
11
12
13

2270.
2340.
2410.
2480.
2550.
2620.
2690.
2760.
2830.

2.39E+02
5.94E+02
1.01E+03
1.49E+03
2.02E+03
2.62E+03
3.28E+03
4.0OE+03
4.40E+03

UIUl .uWtil
144 12000. 4!40E+03

Dose in units of person-rem;
that is the cumulative population dose received by the local population
over 10,000 years with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 5

Cumulative Population Dose Equivalent by Radionuclide

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14
TC 99
1 129
U 238
TH 234
PA 234
NP 237
PA 233

5.5E+01
5.6E+02

8.8E+01
6.3E+02
6.7E-02
2.2E-04
3.1 E+03
3.IE-02

2.5E-03
3.4E-04

2.8E-04
1.3E-04
.8.7E-02
1.3E-02
1.SE-02

3.6E-01

5.5E+0 1
5.6E+02

8.8E+01
6.3E+02
1.5E-01.
1.4E-02
3.1E+03

4.OE-0 1

1
12

2 -
14
0
0
69
0

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Prografin
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 6
--------------------------------------------------------

Maximum Dose Increment Received By Population
In Year 2830 (70-yr Time Period Number No: 12)

Weighted
Cumulative Cumulative

Dose Weighting Dose
Organ Equivalent Factors Equivalent

Gonads l.OE+02 2.5E-01 2.5E+01
Breast 2.3E+01 1.5E-01 3.4E+00
R Marrow 1.0E+03 1.2E-01 1.2E+02
Lung 2.3E+01 1.2E-01 2.7E+00
Thyroid 7.3E+02 3.OE-02 2.2E+01
Bone Sur 1 .3E+04 3.OE-02 3.8E+02
Stomach .OE-403 6.OE-02 6.3E+01
Kidneys 6.9E+02 6.OE-02 4.1E+01
Liver 5.1E-02 6.OE-02 3.1E+01
LL Int. 2.SE+02 6.OE-02 1.7E+01
UL Int. 1.1 E+02 6.OE-02 6.4E+00

Cumulative Effective Dose Equivalent 7.2E+02
External Dose 7.9E-02

Lifetime Effective Cumulative
Dose Equivalent 7.2E+02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Prograrn
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title:. DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 7
----------------------------------------------------

Maximum Dose Increment Received By Individual (rem)
In Year 2830 (70-yr Time Period Number No: 12)

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 9.3E-06 4.3E-10 9.3E-06 I
TC 99 9.5E-05 5.8E-1 I 9.5E-05 12
1 129 1.5E-05 4.7E-11 1.5E-05 .. *2
U 238 1.1E-04 2.2E-11 1.1E-04 14
TH 234 LIE-08 1.5E-08 2.6E-08 0
PA 234 3.8E-1 1 2.3E-09 2.3E-09 0
NP 237 5.2E-04 2.6E-09 5.2E-04 69
PA 233 5.2E-09 6.2E-08 6.7E-08

---- -- --- --- ----- --- --- --- - ---- -- --



DITTY Dose Calculation Prograin-
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 8

Population Internal Dose To Organ by Radionuclide
In Year 2830 (70-yr Time Period Number No: 12)

Radionuclide Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

C 14 9.2E+00 9.2E+00 9.2E+00 9.2E+00 9.2E+00 l.IE+01 I.1E+01 9.2E+00
TC 99 9.5E+00 1.OE+03 1.9E+01 6.2E+01 1.7E+02 l.lE+01 1.1E+01 9.5E+00
I 129 3.2E-02 4.5E-02 2.8E-02 2.8E-02 2.8E-02 3.9E-02 4.2E-02 2.6E-02
U 238 4.OE+00 5.4E+00 7.9E+00 2.7E+01 7.9E+01 1.4E+03 9.3E+01 3.7E+00
TH 234 8E-05 3.0E-03 7.3E-03 4.3E-02 1.3E-01 6.OE-05 5.E-05 6.8E-06
PA 234 9.4E-07 4.6E-05 9.4E-05 2.0E-04.1.6E-04 1.7E-06 4.9E-06 1.4E-06
NP 237 7.OE-02 6.5E-0I 1.6E+00 8.5E+00 2.6E+01 1.1E+04 9.2E+02 7.8E+01
PA 233 2.2E-05 1.5E-03 4.IE-03 1.8E-02 5.3E-02 5.1E-04 3.6E-04 1.1E-04

Total internal 2.3E+01 1.OE+03 3.7E+01 1.1E+02 2.8E+02 L.3E+04 1.OE+03 1.OE+02

Radionuclide Ovaries Muscle Thyroid Kidneys Liver

C 14 9.2E+00 9.2E+00 9.2E+00 0.OE+00 0.OE+00
TC 99 9.5E+00 9.5E+00 2.4E+02 0.OE+00 1.3E+01
1 129 2.8E-02 6.7E-02 4.8E+02 0.OE+00 0.OE+00
U 238 3.9E+00 3.7E+00 3.9E+00 6.9E+02 0.OE+00
TH 234 8.5E-05 9.8E-06 8.7E-07 0.OE+00 1.2E-05
PA 234 2.OE-05 3.LE-06 1.1E-07 5.1E-06 3.7E-06
NP 237 7.8E+01 6.3E-02 4.6E-02 0.OE+00 5.OE+02
PA 233 1.3E-03 1.4E-04 2.6E-06 1.8E-04 1.2E-04

Total internal I.OE+02 2.3E+01 7.3E+02 6.9E+02 5.1E+02

Population Air Submersion and External Incremental Dose by Radionuclide
In Year 2830 (70-yr Time Period Number No: 12)



Air
Submer- Exter-

Radionuclide sion nal

C 14
TC 99
1. 129
U 238
TH 234
PA 234
NP 237
PA 233

5.2E-10 4.1E-04
4.6E-11 5.6E-05

7.5E- 11 4.6E-05
3.5E-11 2.IE-05
5.6E-09 1.4E-02
8.OE-10 2.2E-03
4.9E-10 2.5E-03
8.OE-09 6.OE-02

Total external 1 .6E-08 7.9E-02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.

&



DITTY Dose Calculation Prograrh
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 9

Population Internal Dose To Organ by Exposure Pathway

In Year 2830 (70-yr Time Period Number No: 12)

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

Inhalation 2.8E-01 2.1E-04 1.9E-04 2.1E-04 2.5E-04 4.6E-01 3.6E-02 3.5E-03
Ingestion (Terr) 1.5E+01 1.0E+03 2.7E+01 8.5E+01 2.3E+02 5.8E+03 4.7E+02 4.8E+01
Ingestion (Aqua) 5.8E+00 6.6E+00 6.4E+00 9.6E+00 1.8E+01 4.6E+03 3.8E+02 3.7E+01
Drinking Water 1.9E+00 2.2E+01 3.8E+00 1.2E+01 3.5E+01 2.4E+03 1.9E+02 1.5E+01

Total internal 2.3E+01 1.0E+03 3.7E+01 1.lE+02 2.8E+02 L.3E+04 1.OE+03 1.OE+02

Pathway Ovaries Muscle Thyroid Kidneys Liver

Inhalation 3.5E-03 1.8E-04 2.4E-04 4.7E-04 2.OE-02
Ingestion (Terr) 4.9E+0I 1.5E+0 1 6.7E+02 4 4E+02 2.3E+02
Ingestion (Aqua) 3.7E+01 5.8E+00 6.3E+00 1.2E+01 2.OE+02
Drinking Water 1.5E+01 1.9E+00 5.5E+01 2.4E+02 8.3E+01

Total internal 1.OE+02 2.3E+01 7.3E+02 6.9E+02 5.1E+02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
5

C 14
1129
NP237
TC99
U 238
&INPUT IWAT=1, IPATH=2, LUW=1, IPOPL=2,
CFLO=120000.,
RM=1.0, TZ=1990., TZR=0.,
PL1(1)=294830.,391538.,431210.,469891.,1273208.,4932964.,
TL(1)=1990., 2100.,2200.,2300.,2990.,11900.,
NTL=6,
USAGE(1)=0.3,0.,0.,0.,438.,17.,17.,
CONSUM(1)=15.,276.,20.,230.,40.,30.,8.5,
EXTIM=2920.,MOPYR=6, RIRR=150.,
GRWP(1)=90.,90.,90.,30.,3*90.,
YELD(1)=1.5,4.,0.84,1.3,3*0.84,

&END
5

C14 5
1990. 0.0
4994. 0.0
4995. 0.3518
11995. 0.3518
11996. 0.0
1129 5
1990. 0.0
4994. 0.0
4995. 0.0021
11995. 0.0021
11996. 0.0
NP237 5
1990. 0.0
4994. 0.0
4995. 0.0085
11995. 0.0085
11996. 0.0
TC99 5
1990. 0.0
4994. 0.0
4995. 3.929
11995. 3.929
11996. 0.0
U 238 5



1990. 0.0
4994. 0.0
4995. 0.0619
11995. 0.0619
11996. 0.0



- DITTY Dose Calculation Prograni
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 1

-- DATA LIBRARIES USED ----------------------- (File)--

Master Radionuclide Data: (2)
Radionuclide Master Library - Long Times (23-July-93 PDR)

Food Concentration Ratios: (8)
PNL Food Transfer Factor Library (by Z, Changed NP&U LF 6/18/96 AMN)

Fresh Water Bioaccumulation Factors: (9)
Bioaccumulation Factor Library - (30-Aug-88) RAP

External Exposure D.F.'s: (10)
External Dose Factors for GENII in person Sv/yr per Bq/X (8-May-90 RAP)

Inhalation/Ingestion D.F.'s: (30)
Worst-Case Solubilities, DITTY Internal Dose.Factors (Sv/Bq) (23-Jul-93 PDR)

Waterborne Release Data: (31)
DITTY.IN

- MASTER RADIONUCLIDE CONTROL LIST ---------------------
C 14 TC99 1129 U238 TH234 PA234 NP237
P A233

- TERRESTRIAL/AQUATIC PATHWAY DATA FOR AN AVERAGE INDIVIDUAL

Growing
Pathway Period Yield Consumption Pathway Usage

(days) (kg/m2) (kg/yr) (kg or hr/yr)

LEAFY VEG 9.OE+01 1.5E+00 1.5E+01 FISH 3.0E-01
OTHER VEG 9.OE+01 4.OE+00 2.8E+02 CRUSTACEA 0.0E+00
EGGS 9.OE+01 8.4E-01 2.OE+01 MOLLUSES 0.OE+00
MILK 3.0E+01 1.3E+00 2.3E+02 PLANTS 0.OE+00
BEEF 9.OE+01 8.4E-01 4.OE+01 DRINKING WATER 4.4E+02
PORK 9.OE+01 8AE-01 3.OE+01 SEDIMENT EXPOSU 1.7E+01
POULTRY 9.OE+01 8.4E-01 8.5E+00 SWIMMING TIME 1.7E+01



External Exposure Time: 2.92E+03 hr/yr

- LIQUID RELEASE PARAMETERS -------------------------

River Flow Rate, (ft3/sec): 1.2E+05 Months/Year Irrigated: 6.0E+00
Reconcentration Ratio : 1.OE+00. Irrigation Rate
Mixing Ratio

Input Prepared By:

Input Checked By:

: 1.OE+00 (liters/m2/month) : 1.5E+02

Date:

Date:



DITTY Dose Calculation Progratf
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 2

- WATER RELEASE OF EACH RADIONCLIDE PER 70-YR PERIOD (Ci) ---- -

Radio- Period/ Period/ Period/ Period/ Period/
nuclide Activity Activity Activity Activity Activity

C 14 43 1.9E+00 44 2.5E+01 45 2.5E+01 46 2.5E+01 47 2.5E+01
48
53
58
63
68
73
78
83
88

2.5E+01
2.5E+01
2.5E+0 I
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+0 1
2.5E+0 1

49
54
59
64
69
74
79
84
89

2.5E+01
2.5E+01
2.5E+0 1
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+0 I
2.5E+01

50
55
60
65
70
75
80
85
90

2.5E+01
2.5E+0 1
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01

51
56
61
66
71
76
81
86
91

2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+0 1
2.5E+0 I
2.5E+0 1

52
57
62
67
72
77
82
87
92

2.5E+0 1
2.5 E+0 1
2.5E+0 1
2.5E+01
2.5E+0 I
2.5E+0 1
2.5E+01
2.5E+01
2.5E+01

93 .5E+01 94 2.5E+01 95 2.5E+01 96 2.5E+01 97 2.5E+01
98 2.5E+01
103 2.5E+01
108 2.5E+01
113 2.5E+01
118 2.5E+01
123 2.5E+01
128 2.5E+01
133 2.5E+01
138 2.5E+01

99 2.5E+01 100 2.5E+01 101 2.5E+01 102 2.5E+01
104
109
114
119
124
129
134
39

2.5E+0 1
2.5E+0 1
2.5E+01
2.5E+0l
2.5E+01
2.5E+01
2.5E+01
2.5E+01

105
110
115
120
125
130
135
140

2.5E+01
2.5E+01
2.5E+01
2.5E+0 1
2.5E+01
2.5E+01
2.5E+01
2.5E+01

106
111
116
121
126
131
136
141

2.5E+01
2.5E+01
2.5E+01
2.5E+0 1
2.5E+01
2.5E+01
2.5E+01
2.5E+01

107
112
117
122
127
132
137
142

2.5E+01
2.5E+01
2.5E+01
2.5E+0 I
2.5E+01
2.5E+01
2.5E+01
2.5E+01

143 2.3E+01
TC99 43 2.2E+01 44 2.8E+02 45 2.8E+02 46 2.8E+02 47 2.8E+02
* 48

53
58
63
68
73
78
83

2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02

49
54
59
64
69
74
79
84

2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02

50
55
60
65
70
75
80
85

2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02

51
56
61
66
71
76
81
86

2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02

52
57
62
67
72
77
82
87

2.SE+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02



2.8E+02 89
2.8E+02 94
2.8E+02 99

88
93
98

103
108
113
118
123
128
133
138
143

2.8E+02 90 2.8E+02 91 2.8E+02 92 2.8E+02
2.8E+02 95 2.8E+02 96 2.8E+02 97 2.8E+02
2.8E+02 100 2.8E+02 101 2.8E+02 102 2.8E+02
2.8E+02 105
2.8E+02 110
2.8E+02 115
2.8E+02 120
2.8E+02 125
2.8E+02 130
2.8E+02 135
2.8E+02 140

2.8E+02 106
2.8E+02 111
2.8E+02 116
2.8E+02 121
2.8E+02 126
2.8E+02 131
2.8E+02 136
2.8E+02 141

2.8E+02 107
2.8E+02 112
2.8E+02 117
2.8E+02 122
2.8E+02 127
2.8E+02 132
2.8E+02 137
2.8E+02 142

2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02

1129 43 1.2E-02 44 1.5E-01 45 1.5E-01 46 1.5E-01 47 1.5E-01
49 1.5E-01
54 1.5E-01
59 1.5E-01
64 1.5E-01
69 1.5E-01
74 1.5E-01
79 1.5E-01
84 1.5E-01
89 1.5E-01
94 1.5E-01
99 1.5E-01 1
104 1.5E-01
109 1.5E-01
114 1.5E-01
119 1.5E-01
124 1.5E-01
129 1.5E-01
134 1.5E-01
139 1.5E-01

50 1.5E-01
55 1.5E-01
60 1.5E-01
65 1.5E-01
70 1.5E-01
75 1.5E-01
80 1.5E-01
85 1.5E-01
90 1.5E-01
95 1.5E-01
.00 1.5E-01
105
110
115
120
125
130
135
140

51 1.5E-01 52 1.5E-01
56 1.5E-01 57 1.5E-01
61 1.5E-01 62 1.5E-01
66 1.5E-01 67 1.5E-01
71 1.5E-01 72 1.5E-01
76 1.5E-01 77 1.5E-01
81 1.5E-01 82 1.5E-01
86 1.5E-01 87 1.5E-01
91 1.5E-01 92 1.5E-01
96.1.5E-01 97 1.5E-01
101 1.5E-01 102 1.5E-01

1.5E-01 106
1.5E-01 111
1.5E-01 116
1.5E-01 121
1.5E-01 126
1.5E-01 131
1.5E-01 136
1.5E-01 141

1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01

107
112
117
122
127
132
137
142

1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01

143 1AE-01
U 238 43 3.4E-01 44 4.3E+00 45 4.3E+00 46 4.3E+00 47 4.3E+00

49 4.3E+00
54 4.3E+00
59 4.3E+00
64 4.3E+00
69 4.3E+00
74 4.3E+00
79 4.3E+00
84 4.3E+00
89 4.3E+00
94 4.3E+00
99 4.3E+00

50 4.3E+00
55 4.3E+00
60 4.3E+00
65 4.3E+00
70 4.3E+00
75 4.3E+00
80 4.3E+00
85 4.3E+00
90 4.3E+00
95 4.3E+00
100 4.3E+00

51 4.3E+00 52 4.3E+00
56 4.3E+00 57 4.3E+00
61 4.3E+00 62 4.3E+00
66 4.3E+00 67 4.3E+00
71 4.3E+00 72 4.3E+00
76 4.3E+00 77 4.3E+00
81 4.3E+00 82 4.3E+00
86 4.3E+00 87 4.3E+00
91 4.3E+00 92 4.3E+00
96 4.3E+00 97 4.3E+00
101 4.3E+00 102 4.3E+00

2.8E+02 104
2.8E+02 109
2.8E+02 114
2.8E+02 119
2.8E+02 124
2.8E+02 129
2.8E+02 134
2.8E+02 139
2.6E+02

48
53
58
63
68
73
78
83
88
93
98
103
108
113
118
123
128
133
138

1.5E-01
1.SE-01
1.5E-01
1.5E-01
1.5E-01
1.5E- 01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01

48
53
58
63
68
73
78
83
88
93
98

4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00



103 4.3E+00 104 4.3E+00 105 4.3E+00 106 4.3E+00 107 4.3E+00
108 4.3E+00 109 4.3E+00 110 4.3E+00111 4.3E+00 112 4.3E+00
113 4.3E+00 114 4.3E+00 115 4.3E+00 116 4.3E+00 117 4.3E+00
118 4.3E+00 119 4.3E+00 120 4.3E+00 121 4.3E+00 122 4.3E+00
123 4.3E+00 124 4.3E+00 125 4.3E+00
128 4.3E+00 129 4.3E+00 130 4.3E+00
133 4.3E+00 134 4.3E+00 135 4.3E+00
138 4.3E+00 139 4.3E+00 140 4.3E+00
143 4.IE+00

NP237 43 4.7E-02 44 6.OE-01 45 6.OE-01
6.OE-01
6.OE-0 1
6.OE-01
6.OE-01
6.OE-0 1
6.OE-01
6.0E-01
6.OE-01
6.OE-01
6.OE-01

49
54
59
64
69
74
79
84
89
94

6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-0 I
6.OE-01
6.OE-01
6.OE-01

50
55
60
65
70
75
80
85
90
95

6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01

51
56
61
66
71
76
81
86
91
96

126 4.3E+00 127 4.3E+00
131 4.3E+00 132 4.3E+00
136 4.3E+00 137 4.3E+00
141 4.3E+00 142 4.3E+00

46 6.OE-01 47 6.OE-01
6.OE-01 52 6.OE-01
6.OE-01 57 6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01

62
67
72
77
82
87
92
97

6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01

98 6.OE-01 99 6.OE-01 100 6.OE-01 101 6.OE-01 102 6.OE-01
103 6.OE-01 104 6.0E-01 105
108 6.OE-01
113 6.OE-01

109 6.OE-01 110
114 6.OE-01 115

6.OE-01 119 6.OE-01 120
6.OE-01 124 6.OE-01 125

128 6.OE-01
133 6.OE-01
138 6.OE-01
143 5.6E-01

129
134
139

6.OE-01 130
6.OE-01 135
6.OE-01 140

6.OE-01 106
6.OE-01 1.11
6.OE-01 116
6.OE-01 121
6.OE-01 126
6.OE-01 131
6.OE-01 136
6.OE-01 141

6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01

107
112
117
122
127
132
137
142

6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-0 1
6.0E-01

48
53
58
63
68
73
78
83
88
93

118
123



DITTY Dose Calculation Progra±
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWIRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 3

POPULATION DATA ---------------------

Population for Chronic Waterborne Release at the following Times A.D.:

Time Population

1990. 2.9E+05
2100. 3.9E+05
2200. 4.3E+05
2300. 4.7E+05
2990. 1.31E+06
11900. 4.9E+06



DITTY Dose Calculation Progratn
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 4

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

until until
44 5000. 2.36E+01
45 5070. 3.27E+02
46 5140. 6.36E+02
47 5210. 9.48E+02
48 5280. 1.26E+03
49 5350. 1.58E+03
50 5420. 1.91E+03
51 5490. 2.24E+03
52 5560. 2.57E+03
53 5630. 2.91E+03
54 5700. 3.25E+03
55 5770. 3.59E+03
56 5840. 3.94E+03
57 5910. 4.30E+03
58 5980. 4.65E+03
59 6050. 5.02E+03
60 6120. 5.3 8E+03
61 6190. 5.75E+03
62 6260. 6.13E+03
63 6330. 6.51E+03
64 6400. 6.89E+03
65 6470. 7.27E+03
66 6540. 7.66E+03
67 6610. 8.06E+03
68 6680. 8.46E+03
69 6750. 8.86E+03
70 6820. 9.27E+03
71 6890. 9.68E+03
72 6960. 1.01E+04



73
74
75
76
77
78
79
80
81
82
83
84
85

7030. 1.05E+04
7100. 1.09E+04
7170. 1.14E+04
7240. 1.18E+04
7310. 1.22E+04
7380. 1.27E+04
7450. 1.31E+04
7520. 1.36E+04
7590. 1.40E+04
7660. 1.45E+04
7730. 1.49E+04
7800. 1.54E+04
7870. 1.59E+04



DITTY Dose Calculation Prograni
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 5

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

86 7940. 1.63E+04
87 8010. 1.68E+04
88 8080. 1.73E+04
89 8150. 1.78E+04
90 8220. 1.83E+04
91 8290. 1.88E+04
92 8360. 1.93E+04
93 8430. 1.98E+04
94 8500. 2.03E+04
95 8570. 2.08E+04
96 8640. 2.13E+04
97 8710. 2.18E+04
98 8780. 2.24E+04
99 8850. 2.29E+04
100 8920. 2.34E+04
101 8990. 2.39E+04
102 9060. 2.45E+04
103 9130. 2.50E+04
104 9200. 2.56E+04
105 9270. 2.61E+04
106 9340. 2.67E+04
107 9410. 2.72E+04
108 9480. 2.78E+04
109 9550. 2.84E+04
110 9620. 2.90E+04
111 9690. 2.95E+04
112 9760. 3.01E+04
113 9830. 3.07E+04
114 9900. 3.13E+04
115 9970. 3.19E+04



116 10040. 3.25E+04
117 10110. 3.31E+04
118 10180. 3.37E+04
119 10250. 3.43E+04
120 10320. 3.49E+04
121 10390. 3.55E+04
122 10460. 3.61E+04
123 10530. 3.68E+04
124 10600. 3.74E+04
125 10670. 3.80E+04
126 10740. 3.87E+04
127 10810. .93E+0.
128 10880. 4.OOE±04



DITTY Dose Calculation Prograi
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS
Executed on: 06/18/96 at 10:54:36.0 Page 6
------------------------------------------------- ---

(In Situ Fill & Cap)

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Dose

4.06E+04
4.13E+04
4.19E+04
4.26E+04
4.33E+04
4.39E+04
4.46E+04
4.53E+04
4.60E+04
4.67E+04
4.74E+04
4.8 1E+04
4.88E+04
4.95E+04-

.5.08E+042

Dose in units of person-rem;
that is the cumulative population dose received by the local population
over 10,000 years with an assumed 70-yr individual lifetime.

Period

129
130
131
132
133
134
135
136
137
138
139
140
142
142
143
144

Year

10950.
11020.
11090.
11160.
11230.
11300.
11370.
11440.
11510.
11580.
11650.
11720.
11790.
11860.
11930.
12000.



DITTY Dose Calculation Prograni
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 7

Cumulative Population Dose Equivalent by Radionuclide

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14
TC 99
1 129
U 238
TH 234
PA 234
NP 237
PA 233

1.6E+03
3.3E+04

4.OE+02
2.8E+03
3.OE-01
9.9E-04
1.4E+04
1.4E-01

7.5E-02
2.OE-02
.3E-03
5.8E-04
3.8E-0 1
6.OE-02
6.8E-02
1.6E+00

1.6E+03
3.3E+04

4.OE+02
2.8E+03
6.8E-0 1-
6.IE-02
1.4E+04
S.8E+00

3
64
0
5
0
0
26
0

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.

1



DITTY Dose Calculation Prografin
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990..A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 8

Maximum Dose Increment Received By Population
In Year 12000 (70-yr Time Period Number No: 143)

Weighted
Cumulative Cumulative

Dose Weighting Dose
Organ Equivalent Factors Equivalent

Gonads
Breast
R Marrow
Lung
Thyroid
Bone Sur
Stomach
LL Int.
UL Int.
Kidneys
Liver

1.OE+02 2.5E-01
7.2E+01 1.5E-01

4.7E+02 1.2E-01
7.2E+01 1.2E-01
1.4E+03 3.OE-02
4.9E+03 3.OE-02
5.2E+03 6.OE-02

9.1E+02 6.OE-02
3.5E+02 6.OE-02
2.6E+02 6.OE-02

2.5E+02 6.OE-02 I

2.5E+01
I.lE+01

5.6E+01
8.7E+00
4.2E+01
1.5E+02
3.lE+02

5.4E+01
2.1E+01
1.6E+01

.5E+01

Cumulative Effective Dose Equivalent 7.1E+02
External Dose 3.IE-02

Lifetime Effective Cumulative
Dose Equivalent 7.1E+02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Prograif
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic li4uid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 9

Maximum Dose Increment Received By Individual (rem)
In Year 12000 (70-yr Time Period Numbet No: 143)

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 4.6E-06 2.1E-10 4.6E-06 3
TC 99 9.3E-05 5.7E-11 9.3E-05 64
1 129 l.LE-06 3.6E-12 l.lE-06... 0
U 238 8.0E-06 1.6E-12 8.OE-06 5
TH 234 8.4E-10 1.1E-09 1.9E-09 0
PA 234 2.8E-12 1.7E-10 1.7E-10 0
NP 237 3.9E-05 1.9E-10 3.9E-05 26
PA 233 3.8E-10 4.6E-09 5.OE-09 0

------- -- --------- ----

1



DITTY Dose Calculation Prograin
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 10

Population Internal Dose To Organ by Radionuclide
In Year 12000 (70-yr Time Period Number No: 143)

Radionuclide Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

C 14 2.3E+01 2.3E+01 2.3E+01 2.3E+01 2.3E+01 2.9E+01 2.9E+01 2.3E+01
TC 99 4.8E+01 5.2E+03 9.3E+01 3.IE+02 8.4E+02 5.6E+01 5.6E+01 4.8E+01
1 129 1.2E-02 1.7E-02 l.1E-02 1.1E-02 1.E-02 1.5E-02 1.6E-02 9.9E-03
U 238 1.5E+00 2.0E+00 3.OE+00 1.0E+01 3.OE+01 5.3E+02 3.5E+01 1.4E+00
TH 234 3.OE-05 1.IE-03 2.7E-03 1.6E-02 4.8E-02 2.3E-05 1.9E-05 2.6E-06
PA 234 3.6E-07 1.7E-05 3.5E-05 7.4E-05 6.1E-05 6.5E-07 1.8E-06 5.5E-07
NP 237 2.6E-02 2.5E-01 5.9E-01 3.2E+00 9.9E+00 4.3E+03 3.5E+02 3.OE+01
PA 233 8.3E-06 5.5E-04 1.5E-03 6.9E-03 2.OE-02 1.9E-04 1.4E-04 4.2E-05

Total internal 7.2E+0 1 5.2E+03 1.2E+02 3.5E+02 9.1 E+02 4.9E+03 4.7E+02 1.OE+02

Radionuclide Ovaries Muscle Thyroid Kidneys Liver

C 14 2.3E+01 2.3E+01 2.3E+01 0.0E+00 0.OE+00
TC 99 4.8E+01 4.8E+01 1.2E+03 0.0E+00 6.5E+01
1 129 1.1E-02 2.6E-02 1.9E+02 0.OE+00 0.OE+00
U 238 1.5E+00 1.4E+00 1.5E+00 2.6E+02 0.OE+00
TH 234 3.2E-05 3.7E-06 3.3E-07 0.OE+00 4.5E-06
PA 234 7.7E-06 1.2E-06 4.2E-08 1.9E-06 1.4E-06
NP 237 3.OE+01 2.4E-02 1.7E-02 0.OE+00 1.9E+02
PA 233 5.OE-04 5.3E-05 9.7E-07 6.6E-05 4.7E-05 -

Total intemal 1.OE+02 7.2E+01 1.4E+03 2.6E+02 2.5E+02

Population Air Submersion and External Incremental Dose by Radionuclide
In Year 12000 (70-yr Time Period Number No: 143)



Air
Submer- Exter-

Radionuclide sion nal

C 14 1.3E-09 1.OE-03
TC 99 2.3E-10 2.8E-04
1 129 2.9E-11 1.8E-05
U 238 1.3E-11 8.1E-06
TH 234 2.1E-09 5.4E-03
PA 234 3.OE-10 8.4E-04
NP 237 1.8E-10 9.5E-04
PA 233 3.0E.-09 2.3E-02

Total external 7.2E-09 3.1E-02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation ProgranM
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Tern Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 11

Population Internal Dose To Organ by Exposure Pathway

In Year 12000 (70-yr Time Period Number No: 143)

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

Inhalation 1.1E-0I 5.9E-04 4.5E-04 4.7E-04 4.9E-04 1.7E-01 1.4E-02 1.7E-03
Ingestion (Terr) 5.6E+01 5.1 E+03 1.OE+02 3.2E+02 8.6E+02 2.2E+03 2.4E+02 6.8E+0I
Ingestion (Aqua) 1.4E+01 1.7E+01 1.5E+01 1.6E+01 1.9E+01 1.8E+03 1.6E+02 2.6E+01
Drinking Water 2.4E+00 1.0E+02 3.9E+00 1.1E+01 2.9E+01 9.OE+02 7.2E+01 7.3E+00

Total internal 7.2E+01 5.2E+03 1.2E+02 3.5E+02 9.1E+02 4.9E+03 4.7E+02 1.OE+02

Pathway Ovaries Muscle Thyroid Kidneys Liver

Inhalation 1.7E-03 4.5E-04 5.OE-04 1.8E-04 7.6E-03
Ingestion (Terr) 6.8E+0 1 5.6E+0I 1.3E+03 1.7E+02 1.4E+02
Ingestion (Aqua) 2.6E+01 1.4E+01 1.5E+01 4.4E+00 7.6E+01
Drinking Water 7.4E+00 2.4E+00 4.3E+01 9.OE+01 3.2E+01

Total internal 1.0E+02 7.2E+01 1.4E+03 2.6E+02 2.5E+02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
5

C 14
1129
NP237
TC99
U 238
&INPUT IWAT=1, IPATH=2, LUW=1, IPOPL=2,
CFLO=120000.,
RM=1.0, TZ=1990., TZR=0.,
PLI(1)=294830.,391538.,431210.,469891.,1273208.,4932964.,
TL(1)=1990., 2100.,2200.,2300.,2990.,11900.,
NTL=6,
USAGE(1)=0.3,0.,0.,Q.,438.,17.,17.,
CONSUM(1)=15.,276.,20.,230.,40.,30.,8.5,
EXTIM=2920.,MOPYR=6, RIRR=150.,
GRWP(1)=90.,90.,90.,30.,3*90.,
YELD(1)=1.5,4.,0.84,1.3,3*0.84,

&END
5

C 14 5
1990. 0.0
4244. 0.0
4245. 0.0199

11995. 0.0199
11996. 0.0
1129 5
1990. 0.0
4244. 0.0
4245. 0.0002
11995. 0.0002
11996. 0.0
NP237 5
1990. 0.0
4244. 0.0
4245. 0.0006
11995. 0.0006
11996. 0.0
TC99 5
1990. 0.0
4244. 0.0
4245. 0.3326
11995. 0.3326
11996. 0.0
U238 5



1990. 0.0
4244. 0.0
4245. 0.0075
11995. 0.0075
11996. 0.0



DITTY Dose Calculation Prograt
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 1

-- DATA LIBRARIES USED ----------------------- (File)--

Master Radionuclide Data: (2)
Radionuclide Master Library - Long Times (23-July-93 PDR)

Food Concentration Ratios: (8)
PNL Food Transfer Factor Library (by Z, Changed NP&U LF 6/18/96 AMN)

Fresh Water Bioaccumulation Factors: (9)
Bioaccumulation Factor Library - (30-Aug-88) RAP

External Exposure D.F.'s: (10)
External Dose Factors for GENII in person Sv/yr per Bq/X (8-May-90 RAP)

Inhalation/Ingestion D.F.'s: (30)
Worst-Case Solubilities, DITTY Internal Dose.Factors (Sv/Bq) (23-Jul-93 PDR)

Waterborne Release Data: (31)
DITTY.IN

-- MASTER RADIONUCLIDE CONTROL LIST ---------------------
C 14 TC99 1129 U238 TH234 PA234 NP237
PA233

-- TERRESTRIAL/AQUATIC PATHWAY DATA FOR AN AVERAGE INDIVIDUAL

Growing
Pathway Period Yield Consumption Pathway Usage

(days) (kg/m2) (kg/yr) (kg or hr/yr)

LEAFY VEG 9.OE+01 1.5E+00 1.5E+01 FISH 3.0E-01
OTHER VEG 9.OE+01 4.0E+00 2.8E+02 CRUSTACEA 0.OE+00
EGGS 9.0E+01 8.4E-01 2.OE+01 MOLLUSES 0.0E+00
MILK 3.OE+01 1.3E+00 2.3E+02 PLANTS 0.OE+00
BEEF 9.OE+01 S.4E-01 4.OE+01 DRINKING WATER 4.4E+02
PORK 9.OE+01 8.4E-01 3.0E+01 SEDIMENT EXPOSU 1.7E+01
POULTRY 9.OE+01 8.4E-01 8.5E+00 SWIMMING TIME 1.7E+01



External Exposure Time: 2.92E+03 hr/yr

---- LIQUID RELEASE PARAMETERS ---------------------------------

River Flow Rate, (ft3/sec): 1.2E+05
Reconcentration Ratio : 1.0E+00
Mixing Ratio :.OE+00

Input Prepared By:

Input Checked By:

Months/Year Irrigated: 6.OE+00
Irrigation Rate

(liters/m2/month) : 1.5E+02

Date:

Date:



DITTY Dose Calculation Prografi
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 2

-- WATER RELEASE OF EACH RADIONCLIDE PER 70-YR PERIOD (Ci) -------

Radio-
nuclide

Period/
Activity

Period/
Activity

Period/
Activity

Period/
Activity

Period/
Activity

C 14 33 l.1E+00 34 1.4E+00 35 1.4E+00 36 1.4E+00 37 1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
I.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00

39
44
49
54
59
64
69
74
79
84
89
94
99
104
109
114
119
124
129
134
139

1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00 I

1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00

40
45
50
55
60
65
70
75
80
85
90
95
00
10
II

12
12
13
13
14

5
0
5
0
5
0
5
0

1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00

41
46
51
56
61
66
7.1
76
81
86
91
96

1.4E+00 10
1.4E+00 I
1.4E+00 1
1.4E+00 1
1.4E+00 I
1.4E+00 1
1.4E+00 I
1.4E+00 1
1.4E+00 I

143 1.3E+00
TC99 33 1.8E+01 34 2.3E+01 35 2.3E+01

38 2.3E+01 39 2.3E+01 40 2.3E+01 41
43 2.3E+01 44 2.3E+01 45 2.3E+01 46
48 2.3E+01 49 2.3E+01 50 2.3E+01 51
53 2.3E+01 54 2.3E+01 55 2.3E+01 56
58 2.3E+01 59 2.3E+01 60 2.3E+01 61
63 2.3E+01 64 2.3E+01 65 2.3E+01 66

1.4E+00 42 1.4E+00
1.4E+00 47 1.4E+00
1.4E+00 52 1.4E+00
1.4E+00 57 1.4E+00
1.4E+00 62 1.4E+00
1.42+00 67 1.4E+00
1.4E+00 72 1.4E+00
1.4E+00 77 1.4E+00
1.4E+00 82 1.4E+00
1.4E+00 87 1.4E+00
1.4E+00 92 1.4E+00
1.4E+00 97 1.4E+00

I 1.4E+00 102 1.4E+00
)6 1.4E+00 107 1.4E+00
11 1.4E+00 112 1.4E+00
16 1.4E+00 117 1.4E+00
21 1.4E+00 122 1.4E+00
26 1.4E+00 127 1.4E+00
31 1.4E+00 132 1.4E+00
36 1.4E+00 137 1.4E+00
41 1.4E+00 142 1.4E+00

36 2.3E+01 37 2.3E+01
2.3E+01 42 2.3E+01
2.3E+01 47 2.3E+01
2.3E+01 52 2.3E+01
2.3E+01 57 2.3E+01
2.3E+01 62 2.3E+01
2.3E+01 67 2.3E+01

38
43
48
53
58
63
68
73
78
83
88
93
98
103
108
113
118
123
128
133
138

|



68 2.3E+01 69 2.3E+01 70 2.3E+01 71 2.3E+01 72
73 2.3E+01 74 2.3E+01 75 2.3E+01 76 2.3E+01 77

2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01

79
84
89
94
99

2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01

80
85
90
95
100

2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01

103 2.3E+01 104 2.3E+01 105 2.3E+01 106
2.3E+01 109 2.3E+01 110 2.3E+01 111108

113
118
123
128
133
138
143

1129 3
38
43
48
53
58
63
68
73
78
83
88
93
98
103
108
113
118
123
128
133

01
01
D1
01

Il
01

115
120
125
130
135
140

2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01

116
121
126
131
136
141

2.3E+01
2.3E+01

81 2.3E+01 82 2.3E+01
86 2.3E+01 87 2.3E+01
91 2.3E+01 92 2.3E+01
96 2.3E+01 97 2.3E+01
101 2.3E+01 102 2.3E+01

2.3E+01 107 2.3E+01
2.3E+01 112 2.3E+01
2.3E+01 117 2.3E+01
2.3E+01 122 2.3E+01
2.3E+01 127 2.3E+01
2.3E+01 132 2.3E+01
2.3E+01 137 2.3E+01
2.3E+01 142 2.3E+01

02 35 1.4E-02 36 1.4E-02 37 1.4E-02

2.3E+01 114 2.3E+
2.3E+01 119 2.3E+
2.3E+01 124 2.3E+
2.3E+01 129 2.3E+
2.3E+01 134 2.3E+
2.3E+01 139 2.3E+
2.2E+01

3 1.1E-02 34 1.4E-(
1.4E-02 39 1.4E-02
1.4E-02 44 1.4E-02
I.4E-02 49 1.4E-02
1.4E-02 54 1.4E-02
1.4E-02 59 1.4E-02
1.4E-02 '64 1.4E-02
1.4E-02 69 1.4E-02
1.4E-02 74 1.4E-02
I.4E-02 79 1.4E-02
1.4E-02 84 1.4E-02
1.4E-02 89 1.4E-02
1.4E-02 94 1.4E-02
1.4E-02 99 I.E-02
1.4E-02 104 1.4E-0
1.4E-02 109 1.4E-0
1.4E-02 114 1.4E-0
1.4E-02 119 1.4E-0
1.4E-02 124 1.4E-0
1.4E-02 129 1.4E-0

1.4E-02
1.4E-02
1.4E-02
I.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
I.4E-02
1.4E-02
1.4E-02

5 1.4E-0
) 1.4E-0
51.4E-0

1 1.4E-0
5 1.4E-0
) 1.4E-0

41 1.4E-02 42 1.4E-02
46 1.4E-02 47 1.4E-02
51 1.4E-02 52 1.4E-02
56 1.4E-02 57 1.4E-02
61 1.4E-02 62 1.4E-02
66.1.4E-02 67 1.4E-02
71 1.4E-02 72 1.4E-02
76 1.4E-02 77 1.4E-02
81 1.4E-02 82 1.4E-02
86 1.4E-02 87 1.4E-02
91 1.4E-02 92 1.4E-02
96 1.4E-02 97 1.4E-02
101 1.4E-02 102 1.4E-02

106
111
116
121
126
131

1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02

107
112
117
122
127

1.4E-02 132
1.4E-02 137
1.4E-02 142

2
2
2
2
2
2

JAE-02 134 1.4E-02 135 1.4E-02 136
138 1.E-02 139 1.4E-02 140 1.4E-02 141
143 1.3E-02

33 4.2E-01 34 5.2E-01
5.2E-01 39 5.2E-01 40
5.2E-01 44 5.2E-01 45
5.2E-01 49 5.2E-01 50
5.2E-01 54 5.2E-01 55
5.2E-01 59 5.2E-01 60

35 5.2E-01
5.2E-01 41
5.2E-01 46
5.2E-01 51
5.2E-01 56
5.2E-01 61

1.4E-02
1.4E-02
I.4E-02
I.4E-02
1.4E-02
I.4E-02
1.4E-02
I.4E-02

36 5.2E-01 37 5.2E-01
5.2E-01 42 5.2E-01
5.2E-01 47 5.2E-01
5.2E-01 52 5.2E-01
5.2E-01 57 5.2E-01
5.2E-01 62 5.2E-01

78
83
88
93
98

40
45
50
55
60
65
70
75
80
85
90
95
100

2 10'
2 11(
2 ll.5
2 12(
2 12.'
2 13(

U 238
38
43
48
53
58



5.2E-01 64 5.2E-01 65 5.2E-01 66 5.2E-01
5.2E-01 69 5.2E-01 70 5.2E-01 71~5.2E-01
5.2E-01 74 5.2E-01 75 5.2E-01 76 5.2E-01
5.2E-01 79 5.2E-01 80 5.2E-01 81 5.2E-01
5.2E-01 84 5.2E-01 85 5.2E-01 86 5.2E-01

63
68
73
78
83
88
93
98
103
108
113
118
123
128
133
138
143

NP237
38
43
48
53
58
63
68
73
78
83
88
93
98
103
108
113

89
94
99
104
109
114

5.2E-01 119

5.2E-0 1
5.2E-01
5.2E-01

5.2E-0 1
5.2E-01
5.2E-0 1
5.2E-01

90
95
100

105
110
115
120

5.2E-0 1
5.2E-0 1
5.2E-0 1

5.2E-01
5.2E-0 1
5.2E-01
5.2E-01

91
96

106
111
116
121

5.2E-01 124 5.2E-01 125 5.2E-01 126
5.2E-01 129
5.2E-01 134
5.2E-01 139
4.9E-01
33 3.3E-02
4.2E-02 39
4.2E-02 44
4.2E-02 49
4.2E-02 54
4.2E-02 59
4.2E-02 64
4.2E-02 69
4.2E-02 74
4.2E-02 79
4.2E-02 84
4.2E-02 89 4
4.2E-02 94 4
4.2E-02 99
4.2E-02
4.2E-02
4.2E-02

104
109
114

5.2E-01 130 5.2E-01 131
5.2E-01 135
5.2E-01 140

34 4.2E-02 3
4.2E-02 40 4
4.2E-02 45 4
4.2E-02 50 4
4.2E-02 55 4
4.2E-02 60 4
4.2E-02 65 4
4.2E-02 70 4
.2E-02 75 4
.2E-02 80 4
.2E-02 85 4
.2E-02 90 4
.2E-02 95 4
.2E-02 100
4.2E-02
4.2E-02
4.2E-02

105
110
115

5.2E-01
5.2E-0 I

67
72
77
82
87

5.2E-01 92
5.2E-01 97

5.2E-01
5.2E-0 1
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01

101 5.2E-01 102 5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01

136 5.2E-01

107 5.2E-01
112
117
122
127
132
137

141 5.2E-01 142

5.2E-01
5.2E-0 1
5.2E-0 1
5.2E-01
5.2E-01
5.2E-01
5.2E-01

5 4.2E-02 36 4.2E-02 37 4.2E-02
.2E-02
.2E-02
.2E-02
.2E-02
.2E-02
.2E-02
.2E-02
.2E-02
.2E-02
.2E-02
.2E-02
.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02

41 4.2E-02 42 4.2E-02
46 4.2E-02 47 4.2E-02
51 4.2E-02 52 4.2E-02
56 4.2E-02 57 4.2E-02
61.4.2E-02 62 4.2E-02
66 4.2E-02 67 4.2E-02
71 4.2E-02 72 4.2E-02
76 4.2E-02 77 4.2E-02
81 4.2E-02 82 4.2E-02
86 4.2E-02 87 4.2E-02
91 4.2E-02 92 4.2E-02
96 4.2E-02 97 4.2E-02
101 4.2E-02 102 4.2E-02

106
111
116

118 4.2E-02 119 4.2E-02 120 4.2E-02 121
123 4.2E-02 124
128 4.2E-02 129

4.2E-02 125
4.2E-02 130

4.2E-02 126
4.2E-02 131

133 4.2E-02 134 4.2E-02 135 4.2E-02 136
138 4.2E-02 139 4.2E-02 140 4.2E-02 141
143 3.9E-02

4.2E-02 107
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02

112
117
122
127
132
137
142

4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02

5.2E-01
5.2E-0 1
5.2E-01
5.2E-01
5.2E-01
5.2E-0 1



DITTY Dose Calculation Prograni
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 4

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

until until
34 4300. 1.68E+01
35 4370. 3.84E+01
36 4440. 6.03E+01
37 4510. 8.25E+01
38 4580. 1.05E+02
39 4650. 1.28E+02
40 4720. 1.51E+02
41 4790. 1.75E+02
42 4860. 1.99E+02
43 4930. 2.23E+02
44 5000. 2.48E+02
45 5070. 2.73E+02
46 5140. 2.98E+02
47 5210. 3.24E+02
48 5280. 3.50E+02
49 5350. 3.76E+02
50 5420. 4.03E+02
51 5490. 4.30E+02
52 5560. 4.57E+02
53 5630. 4.85E+02
54 5700. 5.13E+02
55 5770. 5.41E+02
56 5840. 5.70E+02
57 5910. 5.99E+02
58 5980. 6.28E+02
59 6050. 6.58E+02
60 6120. 6.88E+02
61 6190. 7.18E+02
62 6260. 7.49E+02



63 6330. 7.80E+02
64 6400. 8.11E+02
65 6470. 8.43E+02
66 6540. 8.75E+02
67 6610. 9.08E+02
68 6680. 9.41E+02
69 6750. 9.74E+02
70 6820. 1.O1E+03
71 6890. 1.04E+03
72 6960. 1.08E+03
73 7030. 1.11E+03
74 7100. 1.14E+03
75 7170. 1.18E+03



DITTY Dose Calculation Progrant-
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 5

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

76 7240. 1.21E+03
77 7310. 1.25E+03
78 7380. 1.29E+03
79 7450. 1.32E+03
80 7520. 1.36E+03
81 7590. 1.40E+03
82 7660. 1.44E+03
83 7730. 1.47E+03
84 7800. 1.51E+03
85 7870. 1.55E+03
86 7940. 1.59E+03
87 8010. 1.63E+03
88 8080. 1.67E+03
89 8150. 1.71E+03
90 8220. 1.75E+03
91 8290. 1.79E+03
92 8360. 1.83E+03
93 8430. 1.87E+03
94 8500. 1.91E+03
95 8570. 1.95E+03
96 8640. 2.OOE+03
97 8710. 2.04E+03
98 8780. 2.08E+03
99 8850. 2.12E+03
100 8920. 2.17E+03
101 8990. 2.21E+03
102 9060. 2.26E+03
103 9130. 2.30E+03
104 9200. 2.35E+03
105 9270. 2.39E+03



106
107
108
109
110
111
112
113
114
115
116
117
118

9340.
9410.
9480.
9550.
9620.
9690.
9760.
9830.
9900.
9970.
10040.
10110.
10180.

* 2.44E+03
2.48E+03
2.53E+03
2.58E+03
2.62E+03
2.67E+03
2.72E+03
2.77E+03
2.82E+03
2.86E+03
2.91E+03
2.96E+03
3.01E+03



DITTY Dose Calculation Prografu
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 6

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

119 10250. 3.06E+-03
120 10320. 3.11E+03
121 10390. 3.16E+03
122 10460. 3.21E+03
123 10530. 3.27E+03
124 10600. 3.32E+03
125 10670. 3.37E+03
126 10740. 3.42E+03
127 10810. 3.48E+03
128 10880. 3.53E+03
129 10950. -3.58E+03
130 11020. 3.64E+03
131 11090. 3.69E+03
132 11160. 3.74E+03
133 11230. 3.80E+03
134 11300. 3.85E+03
135 11370. 3.91E+03
136 11440. 3.97E+03
137 11510. 4.02E+03
138 11580. 4.08E+03
139 11650. 4.14E+03
140 11720. 4.19E+03
141 11790. 4.25E+03
142 11860. 4.31E+03
143 11930. 4.37E+03
144 12000.

Dose in units of person-rem;



that is the cumulative population dose received by the local population
over 10,000 years with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Progrant
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 7

Cumulative Population Dose Equivalent by Radionuclide

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14
TC 99
1 129
U 238
TH 234
PA 234
NP 237
PA 233

9.8E+01
2.9E+03

4.0E+01
3.6E+02
3.8E-02
1.3E-04
1.0E+03
S.OE-02

4.5E-03
1.8E-03

1.3E-04
7.4E-05
4.9E-02
7.7E-03
5.1E-03
1.2E-01

9.8E+01
2.9E+03

4.0E+01
3.6E+02
8.7E-02
7.8E-03
1.OE+03

1.3E-01

2
66
0
8
0
0
23
0

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Progran -
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 8

Maximum Dose Increment Received By Population
In Year 12000 (70-yr Time Period Number No: 143)

Weighted
Cumulative Cumulative

Dose Weighting Dose
Organ Equivalent Factors Equivalent

Gonads
Breast
R Marrow
Lung
Thyroid
Bone Sur
Stomach
LL Int.
Kidneys
UL Int.

7.6E+00
5.5E+00

3.5E+0
5.5E+00
1.2E+02
3.7E+02
4.4E+02

7.7E+01
3.2E+01

2.9E+01

2.5E-01
1.5E-01

I 1.2E-01
1.2E-01
3.OE-02
3.OE-02
6.OE-02

6.OE-02
6.OE-02

6.OE-02
Liver 1.9E+01 6.OE-02

1.9E+00
8.3E-01.

4.2E+00
6.6E-01
3.6E+00
1.1E+01
2.6E+01

4.6E+00
1.9E+00

1.8E+00
1.1iE+00

Cumulative Effective Dose Equivalent 5.8E+01
External Dose 2.5E-03

Lifetime Effective Cumulative
Dose Equivalent 5.8E+0 1

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Prograii
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 9

Maximum Dose Increment Received By Individual (rem)
In Year 12000 (70-yr Time Period Number No: 43)

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14
TC 99
1 129
U 238
TH 234
PA 234
NP 237
PA 233

2.6E-07
7.9E-06

1.IE-07
9.6E-07

1.OE-10
3.4E-13
2.7E-06
2.7E-1 I

1.2E-1!
4.8E-12

3.4E-13
2.0E-13

1.3 E-10
2.1E-I I
1.4E- I
3.2E-10

2.6E-07
7.9E-06

1.1E-07 ..
9.6E-07
2.3E-10
2.1E-11
2.7E-06
3.5E-10

2
66
0
8
0
0

23
0

-- --- -- --- --- --- - --- -- /--- --- -



DITTY Dose Calculation Prograni
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 10

Population Internal Dose To Organ by Radionuclide
In Year 12000 (70-yr Time Period Number No: 143)

Radionuclide Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

C 14 1.3E+00 1.3E+00 1.3E+00 1.3E+00 1.3E+00 1.6E+00 1.6E+00 1.3E+00
TC 99 4.OE+00 4AE+02 7.9E+00 2.7E+01 7.IE+01 4.8E+00 4.8E+00 4.0E+00
1 129 1.2E-03 1.7E-03 1.OE-03 l.OE-03 1.OE-03 1.4E-03 1.5E-03 9.4E-04
U 238 1.8E-0I 2.5E-01 3.6E-01 1.2E+00 3.6E+00 6.4E+01 4.3E+00 1.7E-0I
TH 234 3.7E-06 1.4E-04 3.3E-04 2.OE-03 5.9E-03 2.8E-06 2.4E-06 3.IE-07
PA 234 4.3E-08 2.IE-06 4.3E-06 9.OE-06 7.4E-06 7.8E-08 2.2E-07 6.6E-08
NP 237 1.9E-03 1.7E-02 4.2E-02 2.3E-0l 7.0E-01 3.OE+02 2.5E+0I 2.1E+00
PA 233 5.8E-07 3.9E-05 1.1E-04 4.9E-04 1.4E-03 IE-05 9.6E-06 2.9E-06

Total internal 5.5E+00 4AE+02 9.6E+00 2.9E+01 7.7E+01 3.7E+02 3.5E+01 7.6E+00

Radionuclide Ovaries Muscle Thyroid Kidneys Liver

C 14 1.3E+00 1.3E+00 1.3E+00 0.0E+00 0.OE+00
TC 99 4.OE+00 4.OE+00 1.OE+02 0.OE+00 5.5E+00
1 129 1.0E-03 2.5E-03 1.8E+01 0.OE+00 0.OE+00
U 238 1.8E-01 1.7E-01 1.8E-01 3.2E+01 0.0E+00
TH 234 3.9E-06 4.5E-07 4.OE-08 0.0E+00 5.5E-07
PA 234 9.4E-07 1.4E-07 5.1 E-09 2.3E-07 1.7E-07
NP 237 2.1E+00 1.7E-03 1.2E-03 0.0E+00 1.3E+01
PA 233 3.5E-05 3.7E-06 6.9E-08 4.7E-06 3.3E-06

Total internal 7.6E+00 5.5E+00 1.2E+02 3.2E+01 1.9E+I01

Population Air Submersion and External Incremental Dose by Radionuclide
In Year 12000 (70-yr Time Period Number No: 143)



Air
Submer- Exter-

Radionuclide sion nal

C 14 7.4E-11 5.9E-05
TC 99 2.OE-1 1 2AE-05
1 129 2.8E-12 1.7E-06
U 238 1.6E-12 9.8E-07
TH 234 2.6E-10 6.5E-04
PA 234 3.7E-11 1.OE-04
NP 237 1.3E-11 6.7E-05
PA 233 2.1E-10 1.6E-03

Total external 6.2E-10 2.5E-03

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Prograni
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page II

Population Internal Dose To Organ by Exposure Pathway

In Year 12000 (70-yr Time Period Number No: 143)

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

Inhalation 1.3E-02 3.7E-05 2.6E-05 2.7E-05 3.OE-05 1.2E-02 9.9E-04 1.2E-04
Ingestion (Terr) 4.5E+00 4.3E+02 8.4E+00 2.7E+01 7.3E+01 1.8E+02 1.9E+01 5.4E+00
Ingestion (Aqua) 8.2E-01 l.lE+00 8.4E-01 9.4E-01 1.2E+00 1.2E+02 1.1E+01 1.7E+00
Drinking Water 1.9E-01 8.5E+00 3.4E-01 1.OE+00 2.8E+00 7.3E+01 5.7E+00 5.4E-01

Total internal 5.5E+00 4.4E+02 9.6E+00 2.9E+01 7.7E+01 3.7E+02 3.5E+01 7.6E+00

Pathway Ovaries Muscle Thyroid Kidneys Liver

Inhalation 1.2E-04 2.6E-05 3.0E-05 2.2E-05 5.4E-04
Ingestion (Terr) 5.4E+00 4.5E+00 1.2E+02 2.0E+01 1.1E+01
Ingestion (Aqua) 1.7E+00 8.2E-01 8.9E-01 5.4E-01 5.4E+00
Drinking Water 5.4E-01 2.0E-01 3.8E+00 1.1E+01 2.3E+00

Total internal 7.6E+00 5.5E+00 1.2E+02 3.2E+01 1.9E+01

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
5

C 14
1129
NP237
TC99
U238
&INPUT IWAT=1, IPATH=2, LUW=1, IPOPL=2,
CFLO=120000.,
RM=1.0, TZ=1990., TZR=0.,
PL1(I)=294830.,391538.,43 1210.,469891.,1273208.,4932964.,
TL(1)=1990., 2100.,2200.,2300.,2990.,11900.,
NTL=6,
USAGE(1)=0.3,0.,0.,0.,438.,17.,17.,
CONSUM(1)=15.,276.,20.,230.,40.,30.,8.5,
EXTIM=2920.,MOPYR=6, RIRR=150.,
GRWP(1 )=90.,90.,90.,30.,3*90.,
YELD(1)=1.5,4.,0.84,1.3,3*0.84,

&END
5

C 14 5
1990. 0.0
4244. 0.0
4245. 0.0183
8995. 0.0183
8996. 0.0
1129 5
1990. 0.0
4244. 0.0
4245. 0.0001
8995. 0.0001
8996. 0.0
NP237 5
1990. 0.0
4244. 0.0
4245. 0.00023
8995. 0.00023
8996. 0.0
TC99 5
1990. 0.0
4244. 0.0
4245. 0.1126
8995. 0.1126
8996. 0.0
U 238 5



1990.
4244.
4245.
8995.
8996.

0.0
0.0
0.0064
0.0064
0.0



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
Executed on: 06/21/96 at 07:04:30.8 Page 1

-- DATA LIBRARIES USED ------------------------------- (File)---

Master Radionuclide Data: (2)
Radionuclide Master Library - Long Times (23-July-93 PDR)

Food Concentration Ratios: (8)
PNL Food Transfer Factor Library (by Z, Changed NP&U LF 6/18/96 AMN)

Fresh Water Bioaccumulation Factors: (9)
Bioaccumnulation Factor Library - (30-Aug-88) RAP

External Exposure D.F.'s: (10)
External Dose Factors for GENII in person Sv/yr per Bq/X (8-May-90 RAP)

Inhalation/Ingestion D.F.'s: (30)
Worst-Case Solubilities, DITTY Internal Dose-Factors (Sv/Bq) (23-Jul-93 PDR)

Waterborne Release Data: (31)
DITTY.IN

-- MASTER RADIONUCLIDE CONTROL LIST ---------------------
C 14 TC99 1129 U238 TH234 PA234 NP237
PA233

---- TERRESTRIAL/AQUATIC PATHWAY DATA FOR AN AVERAGE INDIVIDUAL

Growing
Pathway Period Yield Consumption Pathway Usage

(days) (kg/m2) (kg/yr) (kg or hr/yr)

LEAFY VEG 9.OE+01 1.5E+00 1.5E+01 FISH 3.OE-01
OTHER VEG 9.OE+01 4.OE+00 2.8E+02 CRUSTACEA 0.OE+00
EGGS 9.OE+01 8.4E-01 2.OE+01 MOLLUSES 0.OE+00
MILK 3.OE+0 I 1.3E+00 2.3E+02 PLANTS 0.OE+00
BEEF 9.OE+01 8.4E-01 4.OE+0l DRINKING WATER 4AE+02
PORK 9.OE+01 8.4E-01 3.OE+01 SEDIMENT EXPOSU 1.7E+01
POULTRY 9.0E+01 8.4E-01 8.5E+00 SWIMMING TIME 1.7E+01



External Exposure Time: 2.92E+03 hr/yr

---- LIQUID RELEASE PARAMETERS -----------------------------------------

River Flow Rate, (ft3/sec): 1.2E+05
Reconcentration Ratio 1 .OE+00
Mixing Ratio : 1.OE+00

Input Prepared By:

Input Checked By:

* Months/Year Irrigated: 6.OE+00
Irrigation Rate

(liters/m2/month) : 1.5E+02

Date:

Date:



DITTY Dose Calculation Progrart
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
Executed on: 06/21/96 at 07:04:30.8 Page 2

---- WATER RELEASE OF EACH RADIONCLIDE PER 70-YR PERIOD (Ci) -----------

Radio-
nuclide

Period/
Activity

Period/
Activity

Period/
Activity

Period/ Period/
Activity Activity

C 14 33 l.OE+00 34 1.3E+00 35 1.3E+00 36 13E+00 37 1.3E+00
38 1.3E+00 39
43 1.3E+00 44
48 1.3E+00 49
53 l.3E+00 54
58 1.3E+00 59
63 1.3E+00 64
68 1.3E+00 69
73 1.3E+00 74
78 L.3E+00 79
83 1.3E+00 84
88 1.3E+00 89
93 1.3E+00 94
98 1.3E+00 99

TC99 33 6.2E+00
38 7.9E+00 39
43 7.9E+00 44
48 7.9E+00 49
53 7.9E+00 54
58 7.9E+00 59
63 7.9E+00 64
68 7.9E+00 69
73 7.9E+00 74
78 7.9E+00 79
83 7.9E+00 84
88 7.9S+00 89
93 7.9E+00 94
98 7.9E+00 99

1.3E+00 40
L.3E+00 45
1.3E+00 50
1.3E+00 55
1.3E+00 60
1.3E+00 65
.3E+00 70

1.3E+00 75
1.3E+00 80
1.3E+00 85
I.3E+00 90
1.3E+00 95
1.3E+00 100

1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00

.3E+00
I .3E+00
1.3E+00
1 .3E+00

41
46
51
56
61
66
7.1
76
81
86
91
96

1.3E+00
1.3E+00
1.3E+00
1 .3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00

42
47
52
57
62
67
72
77
82
87
92
97

1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1).3E+00
I .3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
l.3E+00

1.3E+00 101 1.OE-01
34 7.9E+00 35 7.9E+
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00

40
45
50
55
60
65
70
75
80
85
90
95
100

1129 33 5.5E-03 34 7.OE-03 35

7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.9E+00
7.OE-03

00 36 7.9E+00 37 7.9E+00
41 7.9E+00 42 7.9E+00
46 7.9E+00 47 7.9E+00
51 7.9E+00 52 7.9E+00
56 7.9E+00 57 7.9E+00
61 7.9E+00 62 7.9E+00
66 7.9E+00 67 7.9E+00
71 7.9E+00 72 7.9E+00
76 7.9E+00 77 7.9E+00
81 7.9E+00 82 7.9E+00
86 7.9E+00 87 7.9E+00
91 7.9E+00 92 7.9E+00
96 7.9E+00 97 7.9E+00
101 6.2E-01
36 7.OE-03 37 7.OE-03

38 7.OE-03 39 7.OE-03 40 7.OE-03 41 7.OE-03 42 7.OE-03



43
48
53
58
63
68
73
78
83
88
93
98

U 238
38
43
48
53
58
63
68
73
78
83
88
93
98

NP237
38
43
48
53
58
63
68
73
78
83
88
93
98

7.OE-03 44
7.OE-03 49
7.OE-03 54
7.OE-03 59
7.OE-03 64
7.OE-03 69
7.OE-03 74
7.OE-03 79
7.OE-03 84
7.OE-03 89
7.OE-03 94
7.OE-03 99

33 3.6E-01
4.5E-01 39
4.5E-01 44
4.5E-01 49
4.5E-01 54
4.5E-01 59
4.5E-01 64
4.5E-01 69
4.5E-01 74
4.5E-01 79
4.5E-01 84
4.5E-01 89
4.5E-01 94
4.5E-01 99
33 1.3E-02
1.6E-02 39
1.6E-02 44
1.6E-02 49
1.6E-02 54
1.6E-02 59
1.6E-02 64
1.6E-02 69
1.6E-02 74
1.6E-02 79
1.6E-02 84
1.6E-02 89
1.6E-02 94
1.6E-02 99

7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03

45 7.OE-03
50 7.OE-03
55 7.0E-03
60 7.OE-03
65 7.OE-03
70 7.OE-03
75 7.0E-03
80 7.OE-03
85 7.0E-03
90 7.OE-03
95 7.OE-03

100 7.OE-03

46 7.0E-03 47
51-7.OE-03 52
56 7.OE-03 57
61 7.OE-03 62
66 7.OE-03 67
71 7.OE-03 72
76 7.OE-03 77
81 7.OE-03 82
86 7.OE-03 87
91 7.OE-03 92
96 7.OE-03 97
101 5.5E-04

34 4.5E-01 35 4.5E-01 36 4.5E-01 37 4.5E-01
4.5E-01 40
4.5E-01 45
4.5E-01 50
4.5E-01 55
4.5E-01 60
4.5E-01 65
4.5E-01 70
4.5E-01 75
4.5E-01 80
4.5E-01 85
4.5E-01 90
4.5E-01 95
4.5E-01 100
34 1.6E-02
1.6E-02 40
1.6E-02 45
1.6E-02 50
1.6E-02 55
1.6E-02 60
1.6E-02 65
1.6E-02 70
1.6E-02 75
1.6E-02 80
1.6E-02 85
1.6E-02 90
1.6E-02 95
1.6E-02 100

4.5E-01 41
4.5E-01 46
4.5E-01 51
4.5E-01 56
4.5E-01 61
4.5E-01 66
4.5E-01 71
4.5E-01 76
4.5E-01 81
4.5E-01 86.
4.5E-01 91
4.5E-01 96
4.5E-01 101
35 1.6E-02
1.6E-02 41
1.6E-02 46
1.6E-02 51
1.6E-02 56
1.6E-02 61
1.6E-02 66
1.6E-02 71
1.6E-02 76
1.6E-02 81
1.6E-02 86
1.6E-02 91
1.6E-02 96

4.5E-01 42
4.5E-01 47
4.5E-01 52
4.5E-01 57
4.5E-01 62
4.5E-01 67
4.5E-01 72
4.5E-01 77
4.5E-01 82
4.5E-01 87
4.5E-01 92
4.5E-01 97

3.5E-02
36 1.6E-02
1.6E-02 42
1.6E-02 47
1.6E-02 52
1.6E-02 57
1.6E-02 62
1.6E-02 67
1.6E-02 72
1.6E-02 77
1.6E-02 82
1.6E-02 87
1.6E-02 92
1.6E-02 97

4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-0 I
4.5E-01
4.5E-01
4.5E-01

37 1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02

1.6E-02 101 1.3E-03

7.OE-03
7.OE-03
7.OE-03
7.0E-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03



DITTY Dose Calculation Prograrfi
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
Executed on: 06/21/96 at 07:04:30.8 Page 3

---- POPULATION DATA ----------- ---------------

Population for Chronic Waterborne Release at the following Times A.D.:

Time Population

1990. 2.9E+05
2100. 3.9E+05
2200. 4.3E+05
2300. 4.7E+05
2990. 1.3E+06
11900. 4.9E+06



DITTY Dose Calculation Prograi-
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
Executed on: 06/21/96 at 07:04:30.8 Page 4

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

until until
34 4300. 6.80E+00
35 4370. 1.55E+01
36 4440. 2.44E+0I
37 4510. 3.34E+01
38 4580. 4.25E+01
39 4650. 5.18 E+0 1
40 4720. 6.12E+01
41 4790. 7.07E+01
42 4860. 8.04E+01
43 4930. 9.02E+01
44 5000. 1.00E+02
45 5070. 1.1OE+02
46 5140. 1.20E+02
47 5210. 1.31E+02
48 5280. 1.41E+02
49 5350. 1.52E+02
50 5420. 1.63E+02
51 5490. 1.74E+02
52 5560. 1.85E+02
53 5630. 1.96E+02
54 5700. 2.07E+02
55 5770. 2.19E+02
56 5840. 2.30E+02
57 5910. 2.42E+02
58 5980. 2.54E+02
59 6050. 2.66E+02
60 6120. 2.78E+02
61 6190. 2.90E+02
62 6260. 3.03E+02



63
64
65
66
67
68
69
70
71
72
73
74
75

6330.
6400.
6470.
6540.
6610.
6680.
6750.
6820.
6890.
6960.
7030.
7100.
7170.

3.15E+02.-
3.28E+02
3.41E+02
3 .54E+02
3.67E+02
3.80E+02
3.94E+02
4.07E+02
4.21E+02
4.35E+02
4.48E+02
4.63E+02
4.77E+02



DITTY Dose Calculation Program--
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
Executed on: 06/21/96 at 07:04:30.8 Page 5

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

76 7240. 4.9 1E+02
77 7310. 5.06E+02
78 7380. 5.20E+02
79 7450. 5.35E+02
80 7520. 5.50E+02
81 7590. 5.65E+02
82 7660. 5.80E+02
83 7730. 5.95E+02
84 7800. 6.11E+02
85 7870. 6.26E+02
86 7940. 6.42E+02
87 8010. 6.58E+02
88 8080. 6.74E+02
89 8150. 6.90E+02
90 8220. 7.06E+02
91 8290. 7.23E+02
92 8360. 7.39E+02
93 8430. 7.56E+02
94 8500. 7.73E+02
95 8570. 7.90E+02
96 8640. 8.07E+02
97 8710. 8.24E+02
98 8780. 8.41E+02
99 8850. 8.59E+02
100 8920. 8.77E+02
101 8990. 8.94E+02
102 9060. 8.96E+02

until until
144 12000. 8.96E+02



Dose in units of person-rem;
that is the cumulative population dose received by the local population
over 10,000 years with an assumed 70-yr individual lifetime.



- DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
Executed on: 06/21/96 at 07:04:30.8 Page 6

Cumulative Population Dose Equivalent by Radionuclide

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 ' 4.5E+01 2.1E-03 4.5E+01 5
TC 99 5.OE+02 3.1E-04 5.OE+02 55
1 129 L.OE+01 3.2E-05 L.OE+01 I
U 238 1.5E+02 3.2E-05 1.5E+02 17
TH 234 1.6E-02 2.1E-02 3.7E-02 0
PA 234 5.4E-05 3.3E-03 3.3E-03 0
NP 237 2.OE+02 9.8E-04 2.OE+02 21
PA 233 2.OE-03 2.3E-02 2.5E-02 0

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Progrant
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
Executed on: 06/21/96 at 07:04:30.8 Page 7

Maximum Dose Increment Received By Population
In Year 9060 (70-yr Time Period Number No: 101)

Weighted
Cumulative Cumulative

Dose Weighting Dose
Organ Equivalent Factors Equivalent

Gonads
Breast
R Marrow
Lung
Thyroid
Bone Sur
Stomach
LL Int.
Kidneys
UL Int.

2.7E+00
2.1E+00

1.2E+0
2.IE+00
3.3E+0 1
I.3E+02
1.1 E+02

2.2E+0 1
2.OE+0 I

8.6E+00

2.5E-0 1
1.5E-01

I 1.2E-01
1.2E-01
3.OE-02
3.OE-02
6.OE-02

6.OE-02
6.OE-02

6.OE-02

6.7E-01
3.1E-0l.

1.5E+00
2.5E-01
1.OE+00
3.9E+00
6.8E+00

I.3E+00
1.2E+00

5.1E-01
Liver 5.2E+00 6.OE-02 3.1E-01

Cumulative Effective Dose Equivalent 1.8E+01
External Dose .OLE-03

Lifetime Effective Cumulative
Dose Equivalent 1.8E+01

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Programh
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title:. DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
Executed on: 06/21/96 at 07:04:30.8 Page 8

Maximum Dose Increment Received By Individual (rem)
In Year 9060 (70-yr Time Period Number No: 101)

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14
TC 99
1 129
U 238
TH 234
PA 234
NP 237
PA 233

2.4E-07
2.7E-06

5.4E-08
8.2E-07
8.6E-i I
2.9E-13
1 .OE-06
LOE-1 I

1.IE-l1
1.6E-12

1.7E-13
1.7E-13
1.1 E-10
1.8E-1 I
5.2E-12
1.2E-10

2.4E-07
2.7E-06

5.4E-08.
8.2E-07
2.OE-10
1.8E-l1
1.OE-06
1.3E-10

5
55
1
17
0
0

21
0

-------- ---------- --------- ---------- --------



DITTY Dose Calculation Prograni
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
Executed on: 06/21/96 at 07:04:30.8 Page 9'

Population Internal Dose To Organ by Radionuclide
In Year 9060 (70-yr Time Period Number No: 101)

Radionuclide Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

C 14 9.2E-01 9.2E-01 9.2E-01 9.2E-01 9.2E-01 L.IE+00 L.lE+00 9.2E-01
TC 99 L.OE+00 l.IE+02 2.OE+00 6.8E+00 1.8E+01 1.2E+00 l.2E+00 L.OE+00
1 129 4.5E-04 6.2E-04 3.9E-04 3.9E-04 3.9E-04 5.3E-04 5.8E-04 3.6E-04
U 238 1.2E-01 l.6E-01 2.3E-01 8.OE-01 2.3E+004.IE+01 2.8E+00 L.lE-01
TH 234 2.4E-06 8.8E-05 2.IE-04 1.3E-03 3.8E-03 1.8E-06 1.5E-06 2.OE-07
PA 234 2.8E-08 1.4E-06 2.8E-06 5.8E-06.4.8E-06 5.OE-08 1.4E-07 4.3E-08
NP 237 5.4E-04 5.OE-03 L.2E-02 6.6E-02 2.OE-01 8.8E+01 7.1E+00 6.OE-01
PA 233 1.7E-07 1.lE-05 3.2E-05 1.4E-04 4.1E-04 4.OE-06 2.8E-06 8.5E-07

Total internal 2.1E+00 L.lE+02 3.2E+00 8.6E+00 2.2E+01 1.3E+02 1.2E+01 2.7E+00

Radionuclide Ovaries Muscle Thyroid Kidneys Liver

C 14 9.2E-01 9.2E-01 9.2E-01 0.OE+00 0.OE+00
TC 99 1.OE+00 1.OE+00 2.6E+01 0.OE+00 1.4E+00
1 129 3.9E-04 9.4E-04 6.7E+00 0.OE+00 0.OE+00
U 238 1.2E-01 l.IE-01 1.2E-01 2.OE+01 0.OE+00
TH 234 2.5E-06 2.9E-07 2.6E-08 0.OE+00 3.5E-07
PA 234 6.0E-07 9.IE-08 3.3E-09 1.5E-07 1.1E-07
NP 237 6.OE-01 4.8E-04 3.6E-04 0.OE+00 3.8E+00
PA 233 l.OE-05 1.1E-06 2.0E-08 1AE-06 9.6E-07

Total internal 2.7E+00 2.lE+00 3.3E+01 2.OE+01 5.2E+00

Population Air Submersion and External Incremental Dose by Radionuclide
. In Year 9060 (70-yr Time Period Number No: 101)



Air
Submer- Exter-

Radionuclide sion nal

C 14 5.2E-114.1E-05
TC 99 5.OE-12 6.1E-06
1 129 1.OE-12 6.3E-07
U 238 1.OE-12 6.3E-07
TH 234 1.7E-10 4.2E-04
PA 234 2.4E-1 1 6.5E-05
NP 237 3.SE-12 1SE-05
PA 233 6.1E-11 4.6E-04

Total external 3.1E-10 1.0E-03

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Prograni
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
Executed on: 06/21/96 at 07:04:30.8 Page 10

Population Internal Dose To Organ by Exposure Pathway

In Year 9060 (70-yr Time Period Number No: 101)

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

Inhalation 8.3E-03 2.1E-05 1.8E-05 1.8E-05 2.OE-05 3.6E-03 3.0E-04 4.4E-05
Ingestion (Terr) 1.4E+00 1.1 E+02 2.4E+00 7.5E+00 2.0E+01 6.6E+01 6.4E+00 1.7E+00
Ingestion (Aqua) 5.7E-01 6.3E-01 5.7E-01 6.1E-0I 7.0E-01 3:7E+01 3.6E+00 8.1E-01
Drinking Water 9.9E-02 2.2E+00 1.6E-01 4.6E-01 1.2E+00 2.9E+01 2.2E+00 2.0E-01

Total internal 2.1E+00 1.1 E+02 3.2E+00 8.6E+00 2.2E+01 1.3E+02 1.2E+01 2.7E+00

Pathway Ovaries Muscle Thyroid Kidneys Liver

Inhalation 4.4E-05 1.8E-05 1.9E-05 1.4E-05 1.6E-04
Ingestion (Terr) 1.7E+00 1.4E+00 3.2E+01 1.3E+01 3.0E+00
Ingestion (Aqua) 8.1E-01 5.7E-01 5.9E-01 3.5E-01 1.6E+00
Drinking Water 2.0E-01 9.9E-02 1.2E+00 7.1E+00 6.6E-01

Total internal 2.7E+00 2.1E+00 3.3E+01 2.0E+01 5.2E+00

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)
5

C 14
1129
NP237
TC99
U 238
&INPUT IWAT=1, IPATH=2, LUW=1, IPOPL=2,
CFLO=120000.,
RM=1.0, TZ=1990., TZR=0.,
PL1(1)=294830.,391538.,431210.,469891.,1273208.,4932964.,
TL(1)=1990., 2100.,2200.,2300.,2990.,11900.,
NTL=6,
USAGE(1)=0.3,0.,0.,0.,438.,17.,17.,
CONSUM(1)=15.,276.,20.,230.,40.,30.,8.5,
EXTIM=2920.,MOPYR=6, RIRR=150.,
GRWP(1)=90.,90.,90.,30.,3*90.,
YELD()=1.5,4.,0.84,1.3,3*0.84,

&END
5

C14 . 5
1990. 0.0
4244. 0.0
4245. 0.0183
8995. 0.0183
8996. 0.0
1129 5
1990. 0.0
4244. 0.0
4245. 0.0001
8995. 0.0001
8996. 0.0
NP237 5
1990. 0.0
4244. 0.0
4245. 0.00023
8995. 0.00023
8996. 0.0
TC99 5
1990. 0.0
4244. 0.0
4245. 0.1126
8995. 0.1126
8996. 0.0
U 238 5



1990.
4244.
4245.
8995.
8996.

0.0
0.0
0.0064
0.0064
0.0



DITTY Dose Calculation Prograim
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)
Executed on: 06/21/96 at 07:02:01.6 Page 1

-- DATA LIBRARIES USED ----------------------- (File)--

Master Radionuclide Data: (2)
Radionuclide Master Library - Long Times (23-July-93 PDR)

Food Concentration Ratios: (8)
PNL Food Transfer Factor Library (by Z, Changed NP&U LF 6/18/96 AMN)

Fresh Water Bioaccumdlation Factors: (9)
Bioaccumulation Factor Library - (30-Aug-88) RAP

External Exposure D.F.'s: (10)
External Dose Factors for GENII in person Sv/yr per Bq/X (8-May-90 RAP)

Inhalation/Ingestion D.F.'s: (30)
Worst-Case Solubilities, DITTY Internal Dose-Factors (Sv/Bq) (23-Jul-93 PDR)

Waterborne Release Data: (31)
DITTY.IN

- MASTER RADIONUCLIDE CONTROL LIST ------------------
C 14 TC99 1129 U238 TH234 PA234 NP237
PA233

-- TERRESTRIAL/AQUATIC PATHWAY DATA FOR AN AVERAGE INDIVIDUAL

Growing
Pathway - Period Yield Consumption Pathway Usage

(days) (kg/m2) (kg/yr) (kg or hr/yr)

LEAFY VEG 9.0E+01 1.5E+00 1.5E+01 FISH 3.OE-01
OTHER VEG 9.OE+01 4.OE+00 2.8E+02 CRUSTACEA 0.OE+00
EGGS 9.OE+01 8AE-01 2.OE+01 MOLLUSES 0.OE+00
MILK 3.0E+01 1.3E+00 2.3E+02 PLANTS 0.0E+00
BEEF 9.0E+01 8.4E-01 4.OE+01 DRINKING WATER 4.4E+02
PORK 9.OE+01 8.4E-01 3.OE+01 SEDIMENT EXPOSU 1.7E+01
POULTRY 9.OE+01 8.4E-01 8.5E+00 SWIMMING TIME 1.7E+01



External Exposure Time: 2.92E+03 hr/yr

--- LIQUID RELEASE PARAMETERS --------------------------------

River Flow Rate, (ft3/sec): 1.2E+05 Months/Year Irrigated: 6.OE+00
Reconcentration Ratio : 1.OE+00 - Irrigation Rate
Mixing Ratio : 1.OE+00 (liters/m2/month)

Input Prepared By:

Input Checked By:

1.5E+02

Date:

Date:



DITTY Dose Calculation Prograi
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)
Executed on: 06/21/96 at 07:02:01.6 Page 2

-- WATER RELEASE OF EACH RADIONCLIDE PER 70-YR PERIOD (Ci) ------ --

Radio- Period/ Period/ Period/ Period/ Period/
nuclide Activity Activity Activity Activity Activity

C 14 33 1.OE+00 34 1.3E+00 35 1.3E+00 36 l.3E+00 37 1.3E+00
38 1.3E+00 39 1.3E+00 40 1.3E+00 41 l.3E+00 42 1.3E+00
43 1.3E+00 44 l.3E-+00 45 I.3E+00 46 1.3E+00 47 l.3E+00
48 1.3E+00 49 1.3E+00 50 1.3E+00 51 1.3E+00 52 1.3E+00
53 1.3E+00 54 1.3E+00 55 1.3E+00 56 I.3E+00 57 1.3E+00
58 1.3E+00 59 1.3E+00 60 1.3E+00 61 1.3E+00 62 l.3E+00
63 1.3E+00 64 1.3E+00 65 1.3E+00 66 1.3E+00 67 1.3E+00
68 1.3E+00 69 I.3E+00 70 1.3E+00 71 l.3E+00 72 1.3E+00
73 1.3E+00 74 1.3E+00 75 l.3E+00 76 1.3E+00 77 1.3E+00
78 1.3E+00 79 1.3E+00 80 1.3E+00 81 l.3E-+00 82 1.3E+00
83 1.3E+00 84 13E+00 85 1.3E+00 86 1.3E+00 87 1.3E+00
88 1.3E+00 89 1.3E+00 90 1.3E+00 91 1.3E+00 92 1.3E+00
93 1.3E+00 94 1.3E+00 95 l.3E+00 96 1.3E+00 97 1.3E+00
98 1.3E+00 99 1.3E+00 100 1JE+00 101 l.OE-01

TC99 33 6.2E+00 34 7.9E+00 35 7.9E+00 36 7.9E+00 37 7.9E+00
38 7.9E+00 39 7.9E+00 40 7.9E+00 41 7.9E+00 42 7.9E+00
43 7.9E+00 44 7.9E+00 45 7.9E+00 46 7.9E+00 47 7.9E+00
48 7.9E+O0 49 7.9E+00 50 7.9E+00 51 7.9E+00 52 7.9E+00
53 7.9E+00 54 7.9E+00 55 7.9E+00 56 7.9E+00 57 7.9E+00
58 7.9E+00 59 7.9E+00 60 7.9E+00 61 7.9E+00 62 7.9E+00
63 7.9E+00 64 7.9E+00 65 7.9E+00 66 7.9E+00 67 7.9E+00
68 7.9E+00 69 7.9E+00 70 7.9E+00 71 7.9E+00 72 7.9E+00
73 7.9E+00 74 7.9E+00 75 7.9E+00 76 7.9E+00 77 7.9E+00
78 7.9E+00 79 7.9E+00 80 7.9E+00 81 7.9E+00 82 7.9E+00
83 7.9E+00 84 7.9E+00 85 7.9E+00 86 7.9E+00 87 7.9E+00
88 7.9E+00 89 7.9E+00 90 7.9E+00 91 7.9E+00 92 7.9E+00
93 7.9E+00 94 7.9E+00 95 7.9E+00 96 7.9E+00 97 7.9E+00
98 7.9E+00 99 7.9E+00 100 7.9E+00 101 6.2E-01

1129 33 5.5E-03 34 7.OE-03 35 7.OE-03 36 7.OE-03 37 7.OE-03
38 7.OE-03 39 7.OE-03 40 7.OE-03 41 7.OE-03 42 7.OE-03



43
48
53
58

7.0E-03
7.0E-03
7.0E-03
7.0E-03

44
49
54
59

63 7.0E-03 64
68 7.0E-03 69
73 7.0E-03 74
78 7.0E-03 79
83 7.0E-03 84
88 7.0E-03 89
93 7.0E-03 94

7.0E-03 45 7.0E-03
7.0E-03 50 7.0E-03
7.0E-03 55 7.0E-03
7.0E-03 60 7.0E-03
7.0E-03
7.0E-03
7.0E-03
7.OE-03
7.0E-03
7.0E-03

65
70
75
80
85
90

7.0E-03
7.0E-03
7.0E-03
7.0E-03
7.0E-03
7.0E-03

46 7.0E-03 47
517.0E-03 52
56 7.0E-03 57
61 7.OE-03 62
66
71
76
81
86
91

7.0E-03
7.OE-03
7.0E-03
7.0E-03
7.0E-03
7.0E-03

7.0E-03 95 7.0E-03 96 7.0E-03 97 7.0E-03
98 7.0E-03 99 7.0E-03 100 7.0E-03 101 5.5E-04

U238 33 3.6E-01
38 4.5E-01 39
43 4.5E-01 44
48 4.5E-01 49
53 4.5E-01 54
58 4.5E-01 59
63 4.5E-01 64
68 4.5E-0 1 69
73 4.5E-01 74
78 4.5E-01 79
83 4.5E-01 84
88 4.5E-01 89
93 4.5E-01 94
98 4.5E-0 1 99

NP237 33 1.3E-02
38 1.6E-02 39
43 1.6E-02 44
48 1.6E-02 49
53 1.6E-02 54
58 1.6E-02 59
63 1.6E-02 64
68 1.6E-02 69
73 1.6E-02 74
78 1.6E-02 79
83 1.6E-02 84
88 1.6E-02 89
93 1.6E-02 94
98 1.6E-02 99

34 4.5E-01 35 4.5E-01 36 4.5E-01 37 4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-0 1
4.5E-01
4.5E-01
4.5E-01
4.5E-01

40
45
50
55
60
65
70
75
80
85
90
95
100

34 1.6E-02
1.6E-02 40
1.6E-02 45
1.6E-02 50
1.6E-02 55
1.6E-02 60
1.6E-02 65
1.6E-02 70
1.6E-02 75
1.6E-02 80
1.6E-02 85
1.6E-02 90
1.6E-02 95
1.6E-02 100

4.5E-01 41 4.5E-01 42 4.5E-01
4.5E-01 46 4.5E-01 47 4.5E-01
4.5E-01 51 4.5E-01 52 4.5E-01
4.5E-01 56 4.5E-01 57 4.5E-01
4.5E-01 61 4.5E-01 62 4.5E-01
4.5E-01 66 4.5E-01 67 4.5E-01
4.5E-01 71 4.5E-01 72 4.5E-01
4.5E-01 76 4.5E-01 77 4.5E-01
4.5E-01 81 4.5E-01 82 4.5E-01
4.5E-01 86.4.5E-01 87 4.5E-01
4.5E-01 91 4.5E-01 92 4.5E-01
4.5E-01 96 4.5E-01 97 4.5E-01
4.5E-01 101 3.5E-02
35 1.6E-02 36 1.6E-02 37 1.6E
1.6E-02 41 1.6E-02 42 1.6E-02
1.6E-02 46 1.6E-02 47 1.6E-02
1.6E-02 51 1.6E-02 52 1.6E-02
1.6E-02 56 1.6E-02 57 1.6E-02
1.6E-02 61 1.6E-02 62 1.6E-02
1.6E-02 66 1.6E-02 67 1.6E-02
1.6E-02 71 1.6E-02 72 1.6E-02
1.6E-02 76 1.6E-02 77 1.6E-02
1.6E-02 81 1-.6E-02 82 1.6E-02
1.6E-02 86 1.6E-02 87 1.6E-02
1.6E-02 91 1.6E-02 92 1.6E-02
1.6E-02 96 1.6E-02 97 1.6E-02
1.6E-02 101 1.3E-03

7.0E-03
7.0E-03
7.0E-03
7.0E-03
7.0E-03
7.OE-03
7.OE-03
7.0E-03
7.0E-03
7.OE-03

67
72
77
82
87
92

-02



DITTY Dose Calculation Prograrni
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated -for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title:. DITTY Long-Tern Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)
Executed on: 06/21/96 at 07:02:01.6 . Page 3

-- POPULATION DATA ---------------------------

Population for Chronic Waterborne Release at the following Times A.D.:

Time Population

1990. 2.9E+05
2100. 3.9E+05
2200. 4.3E+05
2300. 4.7E+05
2990. 1.3E+06
11900. 4.9E+06



DITTY Dose Calculation Prografi
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)
Executed on: 06/21/96 at 07:02:01.6 Page 4

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

until until
34 4300. 6.80E+00
35 4370. 1.55E+01
36 4440. 2.44E+01
37 4510. 3.34E+01
38 4580. 4.25E+01
39 4650. 5.18E+01
40 4720. 6.12E+01
41 4790. 7.07E+01
42 4860. 8.04E+01
43 4930. 9.02E+01
44 5000. I.OOE+02
45 5070. 1.1OE+02
46 5140. 1.20E+02
47 5210. L.31E+02
48 5280. 1.41E+02
49 5350. 1.52E+02
50 5420. 1.63E+02
51 5490. 1.74E+02

.52 5560. 1.85E+02
53 5630. 1.96E+02
54 5700. 2.07E+02
55 5770. 2.19E+02
56 5840. 2.30E+02
57 5910. 2.42E+02
58 5980. 2.54E+02
59 6050. 2.66E+02
60 6120. 2.78E+02
61 6190. 2.90E+02
62 6260. 3.03E+02



63 6330. 3.15E+02
64 6400. 3.28E+02
65 6470. 3.41E+02
66 6540. 3.54E+02
67 6610. 3.67E+02
68 6680. 3.80E+02
69 6750. 3.94E+02
70 6820. 4.07E+02
71 6890. 4.21E+02
72 6960. 4.35E+02
73 7030. 4.48E+02
74 7100. 4.63E+02
75 7170. 4.77E+02



DITTY Dose Calculation Programn
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)
Executed on: 06/21/96 at 07:02:01.6 Page 5

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

76 7240. 4.9 1E+02
77 7310. 5.06E+02
78 7380. 5.20E+02
79 7450. 5.35E+02
80. 7520. 5.50E+02
81 7590.. 5.65E+02
82 7660. 5.80E+02
83 7730. 5.95E+02
84 7800. 6.11E+02
85 7870. 6.26E+02
86 7940. 6.42E+02
87 8010. 6.58E+02
88 8080. 6.74E+02
89 8150. 6.90E+02
90 8220. 7.06E+02
91 8290. 7.23E+02
92 8360. . 7.39E+02
93 8430. 7.56E+02
94 8500. 7.73E+02
95 8570. 7.90E+02
96 8640. 8.07E+02
97 8710. 8.24E+02
98 8780. 8.41E+02
99 8850. 8.59E+02
100 8920. 8.77E+02
101 8990. 8.94E+02
102 9060. 8.96E+02

until until
144 . 12000.. 8:6E+02



Dose in units of person-rem;
that is the cumulative population dose received by the local population
over 10,000 years with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Prograni
(GENII Version 1.485 3-Dec-90) .e ---

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)
Executed on: 06/21/96 at 07:02:01.6 Page 6

Cumulative Population Dose Equivalent by Radionuclide

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14
TC 99
1 129
U 238
TH 234
PA 234
NP 237
PA 233

4.5E+0 1
5.OE+02

1.OE+01
1.5E+02
1.6E-02
5.4E-05
2.0E+02
2.0E-03

2.1E-03
3.IE-04

3.2E-05
3.2E-05
2.lE-02
3.3E-03
9.8E-04
2.3E-02

4.5E+01
5.OE+02

l.OE+01
1.5E+02
3.7E-02
3.3E-03
2.OE+02
2.5E-02

5
55
1
17
0
0
21
0

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Prograrh-
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)
Executed on: 06/21/96 at 07:02:01.6 Page 7

Maximum Dose Increment Received By Population
In Year 9060 (70-yr Time Period Number No: 101)

Weighted
Cumulative Cumulative

Dose Weighting Dose
Organ Equivalent Factors Equivalent

Gonads 2.7E+00 2.5E-01 6.7E-01
Breast 2.1E+00 1.5E-01 3.lE-01.
R Marrow 1.2E+0l 1.2E-01 1.5E+00
Lung 2.1E+00 1.2E-01 2.5E-01
Thyroid 3.3E+01 3.0E-02 1.OE+00
Bone Sur 1.3E+02 3.0E-02 3.9E+00
Stomach 1.1E+02 6.OE-02 6.8E+00
LL Int. 2.2E+0 I 6.0E-02 1.3E+00
Kidneys 2.OE+01 6.OE-02 1.2E+00
UL Int. 8.6E+00 6.0E-02 5.1E-01
Liver 5.2E+00 6.OE-02 3.1E-01

Cumulative Effective Dose Equivalent 1.8E+01
External Dose 1.OE-03

Lifetime Effective Cumulative
Dose Equivalent 1.8E+01

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Progrart
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)
Executed on: 06/21/96 at 07:02:01.6 Page 8

---------------------------------------------------

Maximum Dose Increment Received By Individual (rem)
In Year 9060 (70-yr Time Period Number No: 101)

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14
TC 99
1 129
U 238
TH234
PA 234
NP 237
PA 233

2.4E-07
2.7E-06

5.4E-08
8.2E-07
8.6E- 11
2.9E-13
S.OE-06
1.0E-i I

1.1E-11
I.6E-12

1.7E-13
1.7E-13

*1.E-10
1.8E-1 I
5.2E-12
1.2E-10

2.4E-07
2.7E-06

5.4E-08..
8.2E-07
2.OE-10
1.8E-1 I
1.0E-06
1.3E-10

5
55
1
17
0
0

21
0

---------- --- --------- ------ 4



DITTY Dose Calculation Prograffi
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)
Executed on: 06/21/96 at 07:02:01.6 Page 9

Population Internal Dose To Organ by Radionuclide
In Year 9060 (70-yr Time Period Number No: 101)

Radionuclide Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

C 14 9.2E-01 9.2E-01 9.2E-01 9.2E-01 9.2E-01 l.IE+00 1.1E+00 9.2E-01
TC 99 1.OE+00 l.1E+02 2.OE+00 6.8E+00 1.8E+01 1.2E+00 1.2E+00 l.OE+00
1 129 4.5E-04 6.2E-04 3.9E-04 3.9E-04 3.9E-04 5.3E-04 5.8E-04 3.6E-04
-U 238 1.2E-01 1.6E-01 2.3E-01 8.OE-01 2.3E+004.1E+01 2.8E+00 L.IE-01
TH 234 2.4E-06 8.8E-05 2.1E-04 1.3E-03 3.8E-03 1.8E-06 1.5E-06 2.OE-07
PA 234 2.8E-08 I.4E-06 2.8E-06 5.8E-06 4.8E-06 5.OE-08 1.4E-07 4.3E-08
NP 237 5.4E-04 5.OE-03 1.2E-02 6.6E-02 2.OE-01 8.8E+01 7.1E+00 6.OE-01
1A 233 1.7E-07 1.1E-05 3.2E-05 1.4E-04 4.1E-04 4.OE-06 2.8E-06 8.5E-07

Total internal 2.1E+00 1.IE+02 3.2E+00 8.6E+00 2.2E+01 1.3E+02 1.2E+01 2.7E+00

Radionuclide Ovaries Muscle Thyroid Kidneys Liver

C 14 9.2E-01 9.2E-01 9.2E-01 0.OE+00 0.OE+00
TC 99 l.OE+00 1.OE+00 2.6E+01 0.OE+00 1.4E+00
1 129 3.9E-04 9.4E-04 6.7E+00 0.OE+00 0.0E+00
U 238 1.2E-0I 1.IE-01 1.2E-01 2.OE+01 0.OE+00
TH 234 2.5E-06 2.9E-07 2.6E-08 0.OE+00 3.5E-07
PA 234 6.0E-07 9.lE-08 3.3E-09 1.5E-07 1.1E-07
NP 237 6.OE-01 4.8E-04 3.6E-04 0.OE+00 3.8E+00
PA 233 1.0E-05 1.1E-06 2.OE-08 1.4E-06 9.6E-07

Total internal 2.7E+00 2.1E+00 3.3E+01 2.OE+01 5.2E+00

opulation Air Submersion and External Incremental Dose by Radionuclide
In Year 9060 (70-yr Time Period Number No: 101)



Air
Submer- Exter-

Radionuclide sion nal

C 14 5.2E-114.1E-05
TC 99 5.OE-12 6.1E-06
I 129 1.0E-12 6.3E-07
U 238 1.OE-12 6.3E-07
TH 234 1.7E-10 4.2E-04
PA 234 2.4E-1 16.5E-05
NP 237 3.8E-12 l.9E-05
PA 233 6.1E-11 4.6E-04

Total external 3.1E-10 1.0E-03

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Prografin
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Inter. Sepa.)
Executed on: 06/21/96 at 07:02:01.6 Page 10

Population Internal Dose To Organ by Exposure Pathway

In Year 9060 (70-yr Time Period Number No: 10 1)

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

Inhalation 8.3E-03 2.1E-05 1.8E-05 1.8E-05 2.0E-05 3.6E-03 3.0E-04 4.4E-05
Ingestion (Terr) 1.4E+00 1.1 E+02 2.4E+00 7.5E+00 2.OE+01 6.6E+01 6.4E+00 1.7E+00
Ingestion (Aqua) 5.7E-01 6.3E-01 5.7E-01 6.1E-01 7.0E-01 3.7E6+01 3.6E+00 8.1E-01
Drinking Water 9.9E-02 2.2E+00 1.6E-01 4.6E-01 1.2E+00 2.9E+01 2.2E+00 2.0E-01
-------- ------------------- ------- --- 1---- ------ -------

Total internal 2.1 E+00 1.1 E+02 3.2E+00 8.6E6+00 2.2E+01 1.3E+02 1.2E+01 2.7E+00

Pathway Ovaries Muscle Thyroid Kidneys Liver

Inhalation 4.4E-05 1.8E-05 1.9E-05 1.4E-05 1.6E-04
Ingestion (Terr) 1.7E+00 1.4E+00 3.2E+01 1.3E+01 3.0E+00
Ingestion (Aqua) 8.1 E-01 5.7E-01 5.9E-01 3.5E-01 1.6E+00
Drinking Water 2.0E-01 9.9E-02 1.2E+00 7.1E+00 6.6E-01

Total internal 2.7E+002.1E+00 3.3E+01 2.0E6+01 5.2E+00

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.

.- - - F. -_ _... _... - ..



DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ No Sepa.)
5

C 14
1129
NP237
TC99
U 238
&INPUT IWAT=1, IPATH=2, LUW=1, IPOPL=2,
CFLO=120000.,
RM=1.0, TZ=1 990., TZR=0.,
PL1(1)=294830.,391538.,431210.,469891.,1273208.,4932964.,
TL(1)=1990., 2100.,2200.,2300.,2990.,11900.,
NTL=6,
USAGE(1)=0.3,0.,0.,0.,438.,17.,17.,
CONSUM(1)=15.,276.,20.,230.,40.,30.,8.5,
EXTIM=2920.,MOPYR=6, RIRR=150.,
GRWP(1)=90.,90.,90.,30.,3*90.,
YELD(1)=1.5,4.,0.84,1.3,3*0.84,

&END
5

C14 5
1990. 0.0
4244. 0.0
4245. 0.0183
8995. 0.0183
8996. 0.0
1129 5
1990. 0.0
4244. 0.0
4245. 0.0001
8995. 0.0001
8996. 0.0
NP237 5
1990. 0.0
4244. 0.0
4245. 0.00023
8995. 0.00023
8996. 0.0
TC99 5
1990. 0.0
4244. 0.0
4245. 0.1126
8995. 0.1126
8996. 0.0
U 238 5



1990. 0.0
4244. '0.0
4245. 0.0064
8995. 0.0064
8996. 0.0



DITTY Dose Calculation Progran
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ No Sepa.)
Executed on: 06/21/96 at 07:03:13.0 Page 1
- --------------------------------------------------

---- DATA LIBRARIES USED ------------------ (File)---

Master Radionuclide Data: (2)
Radionuclide Master Library - Long Times (23-July-93 PDR)

Food Concentration Ratios: (8)
PNL Food Transfer Factor Library (by Z, Changed NP&U LF 6/18/96 AMN)

Fresh Water Bioaccumulation Factors: (9)
Bioaccumulation Factor Library - (30-Aug-88) RAP

External Exposure D.F.'s: (10)
External Dose Factors for GENII in person Sv/yr per Bq/X (8-May-90 RAP)

Inhalation/Ingestion D.F.'s: (30)
Worst-Case Solubilities, DITTY Internal Dose.Factors (Sv/Bq) (23-Jul-93 PDR)

Waterborne Release Data: (31)
DITTY.IN

-- MASTER RADIONUCLIDE CONTROL LIST ------ -
C 14 TC99 1129 U238 TH234 PA234 NP237
PA233

---- TERRESTRIAL/AQUATIC PATHWAY DATA FOR AN AVERAGE INDIVIDUAL

Growing
Pathway Period Yield Consumption Pathway Usage

(days) (kg/m2) (kg/yr) (kg or hr/yr)

LEAFY VEG 9.OE+01 1.5E+00 1.5E+01 FISH 3.OE-0l
OTHER VEG 9.OE+01 4.OE+00 2.8E+02 CRUSTACEA 0.OE+00
EGGS 9.OE+01 8.4E-01 2.OE+01 MOLLUSES 0.OE+00
MILK 3.OE+01 1.3E+00 2.3E+02 PLANTS 0.OE+00
BEEF 9.OE+01 - 8.4E-01 4.OE+01 DRINKING WATER 4.4E+02
PORK 9.0E+01 8.4E-01 3.0E+01 SEDIMENT EXPOSU 1.7E+01
POULTRY 9.OE+01 8.4E-01 8.5E+00 SWIMMING TIME 1.7E+01



External Exposure Time: 2.92E+03 hr/yr

---- LIQUID RELEASE PARAMETERS ---------------------------

River Flow Rate, (ft3/sec): 1.2E+05 Months/Year Irrigated : 6.OE+00
Reconcentration Ratio 1 .OE+00 Irrigation Rate
Mixing Ratio : 1.0E+00 (liters/m2/month) 1.5E+02

Input Prepared By: Date:

Input Checked By: Date:



DITTY Dose Calculation Prograi-n
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ No Sepa.)
Executed on: 06/21/96 at 07:03:13.0 Page 2

- WATER RELEASE OF EACH RADIONCLIDE PER 70-YR PERIOD (Ci) ---------

Radio- Period/ Period/ Period/ Period/ Period/
nuclide Activity Activity Activity Activity Activity

C 14 33 1.OE+00 34 1.3E+00 35 l.3E-+00 36 1.3E+00 37 1.3E+00
1.3E+00 39
1.3E+00 44
1.3E+00 49
1.3E+00 54
1.3E+00 59
1.3E+00 64
1.3E+00 69
1.3E+00 74
1.3E+00 79
1.3E+00 84
1.3E+00 89
1.3E+00 94
1.3E+00 99

33 6.2E+00
7.9E+00 39
7.9E+00 44
7.9E+00 49
7.9E+00 54
7.9E+00 59
7.9E+00 64
7.9E+00 69
7.9E+00 74
7.9E+00 79
7.9E+00 84
7.9E+00 89
7.9E+00 94
7.9E+00 99

1.3E+00 40 1.3E+00 41
1.3E+00 45 1.3E+00 46
1.3E+00 50 1.3E+00 51
L.3E+00 55 1.3E+00 56
1.3E+00 60 1.3E+00 61
1.3E+00 65 1.3E+00 66
L.3E'+00 70 1.3E+00 71
1.3E+00 75 1.3E+00 76
1.3E+00 80 1.3E+00 81
1.3E+00 85 1.3E+00 86
1.3E+00 90 1.3E+00 91
1.3E+00 95 1.3E+00 96
1.3E+00 100 1.3E+00 10

34 7.9E+00 35 7.9E+00
7.9E+00 40 7.9E+00 41
7.9E+00 45 7.9E+00 46
7.9E+00 50 7.9E+00 51
7.9E+00 55 7.9E+00 56
7.9E+00 60 7.9E+00 61
7.9E+00 65 7.9E+00 66
7.9E+00 70 7.9E+00 71
7.9E+00 75 7.9E+00 76
7.9E+00 80 7.9E+00 81
7.9E+00 85 7.9E+00 86
7.9E+00 90 7.9E+00 91
7.9E+00 95 7.9E+00 96
7.9E+00 100 7.9E+00 10

1129 33 5.5E-03 34 7.0E-03 35 7.0E-03 36

1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00

1 1.0E-01

42
47
52
57
62
67
72
77
82
87
92
97

1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00
1.3E+00

38
43
48
53
58
63
68
73
78
83
88
93
98

TC99
38
43
48
53
58
63
68
73
78
83
88
93
98

38 7.0E-03 39 7.0E-03 40 7.0E-03 41 7.0E-03 42 7.0E-03

36 7.9E+00 37 7.9E+00
7.9E+00 42 7.9E+00
7.9E+00 47 7.9E+00
7.9E+00 52 7.9E+00
7.9E+00 57 7.9E+00
7.9E+00 62 7.9E+00
7.9E+00 67 7.9E+00
7.9E+00 72 7.9E+00
7.9E+00 77 7.9E+00
7.9E+00 82 7.9E+00
7.9E+00 87 7.9E+00
7.9E+00 92 7.9E+00
7.9E+00 97 7.9E+00

I 6.2E-01
7.0E-03 37 7.0E-03



43
48
53
58
63
68
73
78
83
88
93

44
49
54

7.0E-03
7.OE-03
7.OE-03

45
50
55

7.OE-03
7.OE-03
7.OE-03

59 7.OE-03 60 7.0E-03

7.OE-03
7.OE-03
7.0E-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03

7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03

65
70
75
80
85
90
95

7.OE-03
7.OE-03
7.OE-03
7.OE-03-
7.OE-03
7.OE-03

46 7.OE-03
51 7.0E-03
56 7.OE-03
61 7.OE-03
66 7.OE-03
71 7.OE-03
76 7.OE-03
81 7.OE-03
86 7.OE-03
91 7.OE-03

47
52
57
62
67
72
77
82
87
92

7.0E-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03
7.OE-03

7.OE-03 96 7.OE-03 97 7.OE-03
98 7.OE-03 99 7.OE-03 100 7.OE-03 101 5.5E-04

U 238 33 3.6E-01 34 4.5E-01 35 4.5E-01 36 4.5E-01 37 4.5E-01
4.5E-01 39
4.5E-01 44
4.5E-01 49
4.5E-01 54
4.5E-01 59
4.5E-01 64
4.5E-01 69
4.5E-01 74
4.5E-01 79
4.5E-01 84
4.5E-01 89
4.5E-01 94
4.5E-01 99
33 1.3E-02
1.6E-02 39
1.6E-02 44
1.6E-02 49
1.6E-02 54
1.6E-02 59
1.6E-02 64
1.6E-02 69
1.6E-02 74
1.6E-02 79
1.6E-02 84
1.6E-02 89
1.6E-02 94
1.6E-02 99

4.5E-0 1
4.5E-01
4.5E-0 1
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-O1
4.5E-0 1
4.5E-01
4.5E-01
4.5E-01
4.5E-01

38
43
48
53
58
63
68
73
78
83
88
93
98

NP237
38
43
48
53
58
63
68
73
78
83
88
93
98

40 4.5E-01
45 4.5E-01
50 4.5E-01
55 4.5E-01
60 4.5E-01
65 4.5E-01
70 4.5E-01
75 4.5E-01
80 4.5E-01
85 4.5E-01
90 4.5E-01
95 4.5E-01
100 4.5E-01

35 1.6E
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02

41 4.5E-01 42
46 4.5E-01 47
51 4.5E-01 52
56 4.5E-01 57
61 4.5E-01 62
66 4.5E-01 67
71 4.5E-01 72
76 4.5E-01 77
81 4.5E-01 82
86.4.5E-01 87
91 4.5E-01 92
96 4.5E-01 97
101 3.5E-02

-02 36 1.6E-02
41 1.6E-02 42
46 1.6E-02 47
51 1.6E-02 52
56 1.6E-02 57
61 1.6E-02 62
66 1.6E-02 67
71 1.6E-02 72
76 1.6E-02 77
81 1.6E-02 82
86 1.6E-02 87
91

4.5E-0 1
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01
4.5E-01

37 1.6E-02
1.6E-02
1.6E-02
I.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02
1.6E-02

1.6E-02 92 1.6E-02
96 1.6E-02
101 1.3E-03

97 1.6E-02

64
69
74
79
84
89
94

34 1.6E-02
1.6E-02 40
1.6E-02 45
1.6E-02 50
1.6E-02 55
1.6E-02 60
1.6E-02 65
1.6E-02 70
1.6E-02 75
1.6E-02 80
1.6E-02 85
1.6E-02 90
1.6E-02 95
1.6E-02 100



DITTY Dose Calculation Progratn
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ No Sepa.)
Executed on: 06/21/96 at 07:03:13.0 Page 3

--- POPULATION DATA ---------------------------------

Population for Chronic Waterborne Release at the following Times A.D.:

Time Population

1990. 2.91+05
2100. 3.9E+05
2200. 4.3E+05
2300. 4.7E+05
2990. 1.3E+06
11900. 4.9E+06



DITTY Dose Calculation Prograi-
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 yearst

Case title: DITTY Long-Term Surface Water Release TWRS-EIS
Executed on: 06/21/96 at 07:03:13.0 Page, 4

(Ex Situ No Sepa.)

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period

until
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60.
61
62

Year

until
4300.
4370.
4440.
4510.
4580.
4650.
4720.
4790.
4860.
4930.
5000.
5070.
5140.
5210.
5280.
5350.
5420.
5490.
5560.
5630.
5700.
5770.
5840.
5910.
5980.
6050.
6120.
6190.
6260.

Dose

6.80E+00
1.55E+01
2.44E+01
3.34E+01
4.25E+01
5.18E+01
6.12E+01
7.07E+01
8.04E+01
9.02E+0 I
l.OOE+02
1. 1OE+02
1.20E+02
1.3 E+02
1.41 E+02
1.52E+02
1.63E+02
1.74E+02
1.85E+02
1.96E+02
2.07E+02
2.19E+02
2.30E+02
2.42E+02
2.54E+02
2.66E+02
2.78E+02
2.90E+02
3.03E+02

1



63
64
65
66
67
68
69
70
71
72
73
74
75

6330.
6400.
6470.
6540.
6610.
6680.
6750.
6820.
6890.
6960.
7030.
7100.
7170.

3.15E+02
3.28E+02
3.41E+02
3.54E+02
3.67E+02
3.80E+02
3.94E+02
4.07E+02
4.21E+02
4.35E+02
4.48E+02
4.63E+02
4.77E+02



DITTY Dose Calculation Prograi
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ No Sepa.)
Executed on: 06/21/96 at 07:03:13.0 Page 5

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period

76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102

until
144

Year

7240.
7310.
7380.
7450.
7520.
7590.
7660.
7730.
7800.
7870.
7940.
8010.
8080.
8150.
8220.
8290.
8360.
8430.
8500.
8570.
8640.
8710.
8780.
8850.
8920.
8990.
9060.

until
12000.

Dose

4.91E+02
5.06E+02
5.20E+02
5.35E+02
5.50E+02
5.65E+02
5.80E+02
5.95E+02
6.11E+02
6.26E+02
6.42E+02
6.58E+02
6.74E+02
6.90E+02
7.06E+02
7.23E+02
7.39E+02
7.56E+02
7.73E+02
7.90E+02
8.07E+02
8.24E+02
8.41 E+02
8.59E+02
8.77E+02
8.94E+02
8.96E+02

8.96E+02



Dose in units of person-rem;
that is the cumulative population dose received by the local population
over 10,000 years with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Prograri
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ No Sepa.)
Executed on: 06/21/96 at 07:03:13.0 Page 6

-----------------------------------------------------

Cumulative Population Dose Equivalent by Radionuclide

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14
TC 99
1 129
U 238
TH 234
PA 234
NP 237
PA 233

4.5E+01
5.OE+02

1.0E+01
1.5E+02
1.6E-02
5.4E-05
2.OE+02
2.OE-03

2.1E-03
3.1E-04

3.2E-05
3.2E-05
2.1E-02
3.3E-03
9.8E-04

2.3E-02

4.5E+01
5.0E+02

l.0E+01
1.5E+02
3.7E-02
3.3E-03
2.0E+02

2.5E-02

5
55
1
17
0
0
21
0

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Prograi
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case. title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ No Sepa.)
Executed on: 06/21/96 at 07:03:13.0 Page 7

Maximum Dose Increment Received By Population
In Year 9060 (70-yr Time Period Number No: 101)

Weighted
Cumulative Cumulative

Dose Weighting Dose
Organ Equivalent Factors Equivalent

Gonads
Breast
R Marrow
Lung
Thyroid
Bone Sur
Stomach
LL Int.
Kidneys
UL Int.
Liver

2.7E+00
2.1E+00

1.2E+0
2.1E+00
3.3E+01
1.3E+02
1.1E+02

2.2E+01
2.OE+01

8.6E+00
5.2E+00

2.5E-0 1
1.5E-01

I 1.2E-01
1.2E-01
3.OE-02
3 .OE-02
6.0E-02

6.OE-02
6.OE-02

6.0E-02
6.OE-02 3

6.7E-0 1
3.1E-01.

1.5E+00
2.5E-0 1

L.OE+00
3.9E+00
6.8E+00

1.3E+00
1.2E+00

5.IE-01
.1E-01

Cumulative Effective Dose Equivalent 1.8E+01
External Dose 1.0E-03

Lifetime Effective Cumulative
Dose Equivalent 1.8E+01

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Prograi
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title:/ DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ No Sepa.)
Executed on: 06/21/96 at 07:03:13.0 Page 8

Maximum Dose Increment Received By Individual (rem)
In Year 9060 (70-yr Time Period Number No: 101)

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14
TC 99
I 129
.U 238
TH 234
PA 234
NP 237
PA 233

2.4E-07
2.7E-06

5.4E-08
8.2E-07
8.6E-1 I
2.9E-13
S.OE-06
1.0E- I

1. 1E-1 I
1.6E-12

1.7E-13
1.7E-13
1.1E-10
1.8E-1 I
5.2E-12
1.2E-10

2.4E-07
2.7E-06

5.4E-08,.
8.2E-07
2.OE-10
1.8E- 1
1.OE-06
1.3E-10

5
55

17
0
0

21
0

. 6



DITTY Dose Calculation Prograinx
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ No Sepa.)
Executed on: 06/21/96 at 07:03:13.0 Page 9

Population Internal Dose To Organ by Radionuclide
In Year 9060 (70-yr Time Period Number No: 101)

Radionuclide Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

C 14 9.2E-01 9.2E-01 9.2E-01 9.2E-01 9.2E-01 L.IE+00 1.IE+00 9.2E-01
TC 99 l.OE+00 1.IE+02 2.OE+00 6.8E+00 1.8E+01 1.2E+00 1.2E+00 L.OE+00
1 129 4.5E-04 6.2E-04 3.9E-04 3.9E-04 3.9E-04 5.3E-04 5.8E-04 3.6E-04
U 238 1.2E-01 1.6E-01 2.3E-01 8.OE-01 2.3E+00 4.1E+01 2.8E+00 L.1E-01
TH 234 2.4E-06 8.8E-05 2.1E-04 1.3E-03 3.8E-03 1.8E-06 1.5E-06 2.0E-07
PA 234 2.8E-08 1.4E-06 2.8E-06 5.8E-06.4.8E-06 5.0E-08 1.4E-07 4.3E-08
NP 237 5.4E-04 5.0E-03 1.2E-02 6.6E-02 2.0E-01 8.8E+01 7.lE400 6.0E-01
PA 233 1.7E-07 1.1E-05 3.2E-05 1.4E-04 4.IE-04 4.OE-06 2.8E-06 8.5E-07

Total internal 2.1E+00 1.LE+02 3.2E+00 8.6E+00 2.2E+01 1.3E+02 l.2E+01 2.7E+00

Radionuclide Ovaries Muscle Thyroid Kidneys Liver

C 14 9.2E-01 9.2E-01 9.2E-01 0O.E+00 0.OE+00
TC 99 1.OE+00 .OE+00 2.6E+0 10.0E+00 1.4E+00
1 129 3.9E-04 9.4E-04 6.7E+00 0.OE+00 0.OE+00
U 238 1.2E-01 LE-01 1.2E-01 2.OE+01 0.OE+00
TH 234 2.5E-06 2.9E-07 2.6E-08 0.OE+00 3.5E-07
PA 234 6.OE-07 9.JE-08 3.3E-09 1.5E-07 1.1E-07
NP 237 6.OE-01 4.8E-04 3.6E-04 0.OE+00 3.8E+00
PA 233 1.OE-05 1.1E-06 2.OE-08 1.4E-06 9.6E-07
----------- ----------- ----- ----

Total internal 2.7E+00 2.IE+00 3.3E+01 2.OE+01 5.2E+00

Population Air Submersion and External Incremental Dose by Radionuclide
In Year 9060 (70-yr Time Period Number No: 101)



Air
Submer- Exter-

Radionuclide sion nal

C 14 5.2E-11 4.1E-05
TC 99 5.OE-12 6.IE-06
1 129 1.OE-12 6.3E-07
U 238 1.OE-12 6.3E-07
TH 234 1.7E-10 4.2E-04
PA 234 2.4E-1 1 6.5E-05
NP 237 3.SE-12 1.9E-05
PA 233 6.1E-11 4.6E-04

Total external 3.1E-10 1.OE-03

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Prograni
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ No Sepa.)
Executed on: 06/21/96 at 07:03:13.0 Page 10

Population Internal Dose To Organ by Exposure Pathway

In Year 9060 (70-yr Time Period Number No: 101)

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

Inhalation 8.3E-03 2.1 E-05 I.SE-05 1.8E-05 2.0E-05 3.6E-03 3.OE-04 4.4E-05
Ingestion (Terr) 1.4E+00 1.1 E+02 2.4E+00 7.5E+00 2.OE+01 6.6E+01 6.4E+00 1.7E+00
Ingestion (Aqua) 5.7E-01 6.3E-01 5.7E-01 6.1E-01 7.0E-01 3.7E+01 3.6E+00 8.IE-01
Drinking Water 9.9E-02 2.2E+00 1.6E-01 4.6E-01 1.2E+00 2.9E+01 2.2E+00 2.OE-01

Total internal 2.1 E+00 l.IE+02 3.2E+00 8.6E+00 2.2E+01 1.3E+02 1.2E+01 2.7E+00

Pathway Ovaries Muscle Thyroid Kidneys Liver

Inhalation 4.4E-05 1.8E-05 I.9E-05 1.4E-05 1.6E-04
Ingestion (Terr) 1.7E+00 1.4E+00 3.2E+0I 1.3E+01 3.OE+00
Ingestion (Aqua) 8.l E-0 l 5.7E-01 5.9E-01 3.5E-01 1.6E+00
Drinking Water 2.OE-01 9.9E-02 1.2E+00 7.lE+00 6.6E-01

Total internal 2.7E+00 2.1 E+00 3.3E+01 2.OE+01 5.2E+00

Dose in units of person-rem:
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.
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To Marc Nelson
From Alex Nazarali
Date June 21, 1996
Subject Cumulative Risk to the Columbia River User Local Population over 10,000 Years

The cumulative risk to the Columbia River user in the TWRS Draft EIS (Appendix D, Table
D.5.14.3 and Volume One, Table 5.11.6) was calculated based on the unit dose factors generated
by the DITTY computer code and published in Appendix F of the Disposal of Hanford Defense
High-Level, Transuranic, and Tank Wastes Final Environmental Impact Statement (HDW-EIS).

The DITTY code has undergone significant modifications since the HDW-EIS was published.
The new version of the DITTY code uses ICRP Publications 26 and 30 (ICRP 1977; ICRP 1979)
instead of ICRP Publication 2 (ICRP 1959).

The new version of the DITTY code was run to estimate the cumulative dose for the TWRS
Final EIS. The input/output of the DITTY code for each alternative and the new table that
summarizes the cumulative dose and risk to the Columbia River users over 10,000 years are
enclosed. The enclosed table will replace Tables D.5.14.3 and 5.11.6.

Note: The Ftrans.dat file in the DITTY code, which is the PNL food transport factors library was
modified by Alex Nazarali on 6/16/96 for the new runs. In this modification, the leaching factors
for neptunium and uranium changed from 3.3E-03 and 1.3E-03 respectively to 0.8. This change
makes the leaching factors of neptunium and uranium consistent with carbon, iodine, and
technetium. These five constituents are transported from the tanks to the receptors with the same
transport properties. The leaching factors were different in the DITTY code, which should be the
same for our analysis.



Table D.5.14.3 Estimated Fatality, Population Dose (person-rem), and Maximum Incremental
Dose (mrem) for the Columbia River User over 10,000 Years for all Alternatives

Alternative Total Fatality Cumulative Maximum
in 10,000 years Population Incremental Dose

Dose' in mrem
(Person-rem) (Year Received)

No Action 2.7 5460 0.82 (2900)

Long-Term Management 2.2 4400 0.75 (2830)

In Situ Fill and Cap 25.4 50800 0.15 (12000)

In Situ Vitrification I.OOE-06 0.002 0

Ex Situ Intermediate Separation 0.5 896 0.005 (9060)

Ex Situ No Separation 0.5 896 0.005 (9060)

Ex Situ Extensive Separation 0.5 896 0.005 (9060)

Ex Situ/In Situ Combination 2.2 4420 0.02 (12000)

Phased Implementation 0.5 896 0.005 (9060)

The ICRP Publication 60 dose to risk conversion factor of 5.OE-04 cancer fatality per rem
is used.



DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
5

C 14
1129
NP237
TC99
U 238
&INPUT IWAT=1, IPATH=2, LUW=1, IPOPL=2,
CFLO=120000.,
RM=1.0, TZ=1990., TZR=0.,
PL1(1)=294830.,391538.,431210.,469891.,1273208.,4932964.,
TL(1)=1990., 2100.,2200.,2300.,2990.,11900.,
NTL=6,
USAGE(1)=0.3,0.,0.,0.,438.,17.,17.,
CONSUM(1)=15.,276.,20.,230.,40.,30.,8.5,
EXTIM=2920.,MOPYR=6, RIRR=150.,
GRWP(1)=90.,90.,90.,30.,3*90.,
YELD(1)=1.5,4.,0.84,1.3,3*0.84,

&END
5

C 14 5
1990. 0.0
2219. 0.0
2220. 8.0125
2845. 8.0125
2846. 0.0
1129 5
1990. 0.0
2219. 0.0
2220. 0.0256
2845. 0.0256
2846. 0.0
NP237 5
1990. 0.0
2219. 0.0
2220. 0.106
2845. 0.106
2846. 0.0
TC99 5
1990. 0.0
2219. 0.0
2220. 49.68
2845. 49.68
2846. 0.0
U 238 5



1990. 0.0
2219. 0.0
2220. 0.7696
2845. 0.7696
2846. 0.0



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action).
Executed on: 06/18/96 at 10:54:15.6 Page 1

- DATA LIBRARIES USED ------------------------ (File)---

Master Radionuclide Data: (2)
Radionuclide Master Library - Long Times (23-July-93 PDR)

Food Concentration Ratios: (8)
PNL Food Transfer Factor Library (by Z, Changed NP&U LF 6/18/96 AMN)

Fresh Water Bioaccumulation Factors: (9)
Bioaccumulation Factor Library - (30-Aug-88) RAP

External Exposure D.F.'s: (10)
External Dose Factors for GENII in person Sv/yr per Bq/X (8-May-90 RAP)

Inhalation/Ingestion D.F.'s: (30)
Worst-Case Solubilities, DITTY Internal Dose Factors (Sv/Bq) (23-Jul-93 PDR)

Waterborne Release Data: (31)
DITTY.IN

- MASTER RADIONUCLIDE CONTROL LIST -----------------------
C 14 TC99 1129 U 238 TH234 PA234 NP237
PA233

- TERRESTRIAL/AQUATIC PATHWAY DATA FOR AN AVERAGE INDIVIDUAL

Growing
Pathway Period Yield Consumption Pathway Usage

(days) (kg/m2) (kg/yr) (kg or br/yr)

LEAFY VEG 9.OE+01 1.5E+00 1.5E+01 FISH 3.OE-01
OTHER VEG 9.OE+01 4.0E+00 2.8E+02 CRUSTACEA 0.OE+00
EGGS 9.OE+01 8.4E-01 2.OE+01 MOLLUSES 0.OE+00
MILK 3.OE+01 1.3E+00 2.3E+02 PLANTS 0.OE+00
BEEF 9.OE+01 8.4E-01 4.OE+01 DRINKING WATER 4.4E+02
PORK 9.OE+01 8.4E-01 3.0E+01 SEDIMENT EXPOSU 1.7E+01
POULTRY 9.OE+01 8.4E-01 8.5E+00 SWIMMING TIME 1.7E+01



External Exposure Time: 2.92E+03 hr/yr

---- LIQUID RELEASE PARAMETERS -----------------------------------

River Flow Rate, (ft3/sec) : 1.2E+05
Reconcentration Ratio
Mixing Ratio

Months/Year Irrigated: 6.0E+00
: 1.OE+00 Irrigation Rate

1.OE+00 (liters/m2/month) : 1.5E+02

Input Prepared By:

Input Checked By:

Date:

Date:



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 2

-- WATER RELEASE OF EACH RADIONCLIDE PER 70-YR PERIOD (Ci) -----

Radio- Period/ Period/ Period/ Period/ Period/
nuclide Activity Activity Activity Activity Activity

C 14 4 6.3E-01 5 8.8E-01 6 8.8E-01 7 8.8E-01 8 8.8E-01
9 8.8E-01 10 8.8E-01 11 8.8E-01 12 8.8E-01 13 2.0E-01

TC99 4 4.9E+02 5 6.8E+02 6 6.8E+02 7 6.8E+02 8 6.8E+02
9 6.8E+02 10 6.8E+02 11 6.8E+02 12 6.8E+02 13 1.5E+02

1129 4 1.3E+00 5 1.8E+00 6 l.8E+00 7 1.8E+00 8 1.8E+00
9 1.8E+00 10 1.8E+00 11 1.8E+00 12 1.8E+00 13 4.OE-01

U 238 4 3.9E+01 5 5.4E+01 6 5.4E+01 7 5.4E+01 8 5.4E+01
9 5.4E+01 10 5.4E+01 11 5.4E+01 12 5.4E+01 13 1.2E+01

NP237 4 5.4E+00 5 7.4E+00 6 7.4E+00 7 7.4E+00 8 7.4E+00
9 7.4E+00 10 7.4E+00 11 7.4E+00 12 7.4E+00 13 1.6E+00



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 3

-- POPULATION DATA -----------------------------

Population for Chronic Waterborne Release at the following Times A.D.:

Time Population

1990. 2.9E+05
2100. 3.9E+05
2200. 4.3E+05
2300. 4.7E+05
2990. 1.3E+06
11900. 4.9E+06



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 4

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

until until
5 2270. 2.63E+02
6 2340. 6.52E+02
7 2410. 1.11E+03
8 2480. 1.63E+03
9 2550. 2.22E+03
10 2620. 2.88E+03
11 2690. 3.60E+03
12 2760. 4.39E+03
13 2830. 5.25E+03
14 2900. 5.46E+03

until until
144 12000 5.46E+03

Dose in units of person-rem;
that is the cumulative population dose received by the local population
over 10,000 years with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 5

Cumulative Population Dose Equivalent by Radionuclide

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 1.lE+00 5.OE-05 1.1E+00 0
TC 99 1.5E+03 9.3E-04 1.5E+03 27
1 129 9.2E+01 2.9E-04 9.2E+01 1
U 238 6.6E+02 1.4E-04 6.6E+02 12
TH 234 6.9E-02 9.OE-02 1.6E-01 0
PA 234 2.3E-04 1.4E-02 1.4E-02 0
NP 237 3.2E+03 1.6E-02 3.2E+03 58
PA 233 ' 3.2E-02 3.8E-01 4.1E-01 0

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 6

Maximum Dose Increment Received By Population
In Year 2900 (70-yr Time Period Number No: 13)

Weighted
Cumulative Cumulative

Dose Weighting Dose
Organ Equivalent Factors Equivalent

Gonads
Breast
R Marrow
Lung
Thyroid
Bone Sur
Stomach
Kidneys
LL Int.
Liver
UL Int.

1.IE+02
2.9E+01

I.0E+0
2.9E+01
1.1E+03
1.3E+04
2.7E+03
6.9E+02

5.5E+02
5.3E+02
2.OE+02

2.5E-01
1.5E-01

3 1.2E-01
1.2E-01
3.OE-02
3.OE-02
6.OE-02
6.OE-02

6.0E-02
6.0E-02 3
6.OE-02

2.7E+01
4.3E+00

1.3E+02
3.5E+00
3.3E+01
3.8E+02
1.6E+02

4.1E+01
3.3E+01
.2E+01
1.2E+01

Cumulative Effective Dose Equivalent 8.6E+02
External Dose 7.9E-02

Lifetime Effective Cumulative
Dose Equivalent 8.6E+02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.

1



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 7

Maximum Dose Increment Received By Individual (rem)
In Year 2900 (70-yr Time Period Number No: 13)

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 1.6E-07 7.5E-12 1.6E-07 0
TC 99 2.3E-04 1AE-10 2.3E-04 27
1 129 1.4E-05 4.4E-11 1.4E-05 I
U 238 9.9E-05 2.OE-11 9.9E-05 12
TH 234 1.OE-08 1.AE-08 2.4E-08 0
PA 234 3.5E-11 2.1E-09 2.1E-09 0
NP 237 4.8E-04 2.4E-09 4.8E-04 58
PA 233 4.8E-09 5.7E-08 6.2E-08 0

5- 23Z1, X 7



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 8

Population Internal Dose To Organ by Radionuclide
In Year 2900 (70-yr Time Period Number No: 13)

Radionuclide Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

C 14 1.8E-0l 1.8E-01 1.8E-01 1.8E-01 1.8E-01 2.2E-01 2.2E-01 1.8E-01
TC 99 2.5E+01 2.7E+03 4.9E+01 1.6E+02 4.4E+02 2.9E+01 2.9E+01 2.5E+01
1 129 3.2E-02 4.5E-02 2.8E-02 2.8E-02 2.8E-02 3.8E-02 4.2B-02 2.6E-02
U 238 4.OE+00 5.4E+00 7.8E+00 2.7E+01 7.8E+01 1.4E+03 9.3E+01 3.7E+00
TH 234 8.OE-05 3.OE-03 7.2E-03 4.3E-02 1.3E-01 6.OE-05 5.IE-05 6.8E-06
PA 234 9.4E-07 4.6E-05 9.4E-05 2.OE-04 1.6E-04 1.7E-06 4.8E-06 I.4E-06
NP 237 7.OE-02 6.5E-01 1.6E+00 8.5E+00 2.6E+01 1.IE+04 9.2E+02 7.8E+01
PA 233 2.2E-05 1.5E-03 4.1E-03 1.8E-02 5.3E-02 5.1E-04 3.6E-04 1.1E-04

Total internal 2.9E+01 2.7E+03 5.8E+01 2.OE+02 5.5E+02 1.3E+04 L.OE+03 1.1E+02

Radionuclide Ovaries Muscle Thyroid Kidneys Liver

C 14 1.8E-01 1.8E-01 1.8E-01 0.OE+00 0.OE+00
TC 99 2.5E+01 2.5E+01 6.2E+02 0.OE+00 3.4E+01
1 129 2.8E-02 6.7E-02 4.8E+02 0.OE+00 0.OE+00
U 238 3.9E+00 3.7E+00 3.9E+00 6.9E+02 0.OE+00
TH 234 8.5E-05 9.8E-06 8.7E-07 0.OE+00 1.2E-05
PA 234 2.OE-05 3.1E-06 1.1E-07 5.1E-06 3.7E-06
NP 237 7.8E+01 6.2E-02 4.6E-02 0.0E+00 5.OE+02
PA 233 1.3E-03 I.4E-04 2.6E-06 1.8E-04 1.2E-04

Total internal 1.1 E+02 2.9E+01 1.1E+03 6.9E+02 5.3E+02

Population Air Submersion and External Incremental Dose
In Year 2900 (70-yr Time Period Number No: 13)

by Radionuclide



Air
Submer- Exter-

Radionuclide sion nal

C 14 9.9E-12 7.9E-06
TC 99 1.2E-10 1.5E-04
1 129 7.5E-11 4.6E-05
U 238 3.5E-11 2.1E-05
TH 234 5.6E-09 1.4E-02
PA 234 8.0E-10 2.2E-03
NP 237 4.9E-10 2.5E-03
PA 233 7.9E-09 6.OE-02

Tot 1 external 1.5E-08 7.9E-02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (No Action)
Executed on: 06/18/96 at 10:54:15.6 Page 9

Population Internal Dose To Organ by Exposure Pathway

In Year 2900 (70-yr Time Period Number No: 13)

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

Inhalation 2.8E-01 8.OE-05 1.3E-05 3.4E-05 8.4E-05 4.6E-01 3.6E-02 3.4E-03
Ingestion (Terr) 2.7E+01 2.7E+03 5.3E+01 1.9E+02 4.9E+02 5.8E+03 4.8E+02 6.0E+01
Ingestion (Aqua) 2.1E-01 2.OE+00 9.OE-01 4.IE+00 1.2E+01 4.6E+03 3.8E+02 3.2E+01
Drinking Water 1.8E+00 5.3E+01 3.9E+00 1.4E+01 4.OE+01 2.4E+03 1.9E+02 1.5E+01

Total internal 2.9E+01 2.7E+03 5.8E+01 2.0E+02 5.5E+02 1.3E+04 1.OE+03 L.IE+02

Pathway Ovaries Muscle Thyroid Kidneys Liver

Inhalation 3.4E-03 9.6E-06 8.IE-05 4.7E-04 2.OE-02
Ingestion (Terr) 6.0E+01 2.7E+01 1.OE+03 4.4E+02 2.5E+02
Ingestion (Aqua) 3.2E+01 2.1E-01 9.6E-01 1.2E+01 2.OE+02
Drinking Water 1.5E+01 1.8E+00 6.2E+01 2.4E+02 8.3E+01

Total internal 1.IE+02 2.9E+01 1.LE+03 6.9E+02 5.3E+02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
5

C 14
1129
NP237
TC99
U 238
&INPUT IWAT=1, IPATH=2, LUW=1, IPOPL=2,
CFLO=120000.,
RM=1.0, TZ=1990., TZR=0.,
PL1(1)=294830.,391538.,431210.,469891.,1273208.,4932964.,
TL(1)=1990., 2100.,2200.,2300.,2990.,11900.,
NTL=6,
USAGE(1)=0.3,0.,0.,0.,438.,17.,17.,
CONSUM(1)=15.,276.,20.,230.,40.,30.,8.5,
EXTIM=2920.,MOPYR=6, RIRR=150.,
GRWP(1)=90.,90.,90.,30.,3*90.,
YELD(1)=1.5,4.,0.84,1.3,3*0.84,

&END
5

C 14 5
1990. 0.0
2219. 0.0
2220. 8.7092
2795. 8.7092
2796. 0.0
1129 5
1990. 0.0
2219. 0.0
2220. 0.0278
2795. 0.0278
2796. 0.0
NP237 5
1990. 0.0
2219. 0.0
2220. 0.1151
2795. 0.1151
2796. 0.0
TC99 5
1990. 0.0
2219. 0.0
2220. 54.00
2795. 54.00
2796. 0.0
U 238 5



1990.
2219.
2220.
2795.
2796.

0.0
0.0
0.8365
0.8365
0.0



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 1

-- DATA LIBRARIES USED ------------------------ (File)--

Master Radionuclide Data: (2)
Radionuclide Master Library - Long Times (23-July-93 PDR)

Food Concentration Ratios: (8)
PNL Food Transfer Factor Library (by Z, Changed NP&U LF 6/18/96 AMN)

Fresh Water Bioaccumulation Factors: (9)
Bioaccumulation Factor Library - (30-Aug-88) RAP

External Exposure D.F.'s: (10)
External Dose Factors for GENII in person Sv/yr per Bq/X (8-May-90 RAP)

Inhalation/Ingestion D.F.'s: (30)
Worst-Case Solubilities, DITTY Internal Dose Factors (Sv/Bq) (23-Jul-93 PDR)

Waterborne Release Data: (31)
DITTY.IN

- MASTER RADIONUCLIDE CONTROL LIST -----------------------
C 14 TC99 1129 U238 TH234 PA234 NP237
PA233

- TERRESTRIAL/AQUATIC PATHWAY DATA FOR AN AVERAGE INDIVIDUAL

Growing
Pathway Period Yield Consumption Pathway Usage

(days) (kg/m2) (kg/yr) (kg or hr/yr)

LEAFY VEG 9.OE+01 l.5E+00 1.5E+01 FISH 3.OE-01
OTHER VEG 9.OE+01 4.OE+00 2.8E+02 CRUSTACEA 0.OE+00
EGGS 9.OE+01 8.4E-01 2.OE+01 MOLLUSES 0.OE+00
MILK 3.OE+01 1.3E+00 2.3E+02 PLANTS 0.OE+00
BEEF 9.OE+01 8.4E-01 4.OE+01 DRINKING WATER 4.4E+02
PORK 9.0E+01 8.4E-01 3.OE+01 SEDIMENT EXPOSU 1.7E+01
POULTRY 9.OE+01 8.4E-01 8.5E+00 SWIMMING TIME 1.7E+01



External Exposure Time: 2.92E+03 hr/yr

--- LIQUID RELEASE PARAMETERS --------------------------------

River Flow Rate, (ft3/sec) : 1.2E+05
Reconcentration Ratio
Mixing Ratio

Months/Year Irrigated: 6.OE+00
: 1.OE+00 Irrigation Rate

1.0E+00 (liters/m2/month)

Input Prepared By:

Input Checked By:

1.5E+02

Date:

Date:



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 2

-- WATER RELEASE OF EACH RADIONCLIDE PER 70-YR PERIOD (Ci) --------

Radio-
nuclide

Period/
Activity

Period/
Activity

Period/
Activity

Period/
Activity

Period/
Activity

C 14 4 3.6E+01 5 5.OE+01 6 5.OE+01 7 5.OE+01
9 5.OE+01 10 5.OE+01 11 5.OE+01 12 2.5E+01

TC99 4 2.OE+02 5 2.8E+02 6 2.8E+02 7 2.8E+02
9 2.8E+02 10 2.8E+02 11 2.8E+02 12 1.4E+02

1129 4 l.4E+00 5 1.9E+00 6 1.9E+00 7 1.9E+00
9 1.9E+00 10 1.9E+00 11 1.9E+00 12 9.9E-01

4 4.2E+01
5.9E+01 10

4 5.8E+00
8.IE+00 10

5 5.9E+01
5.9E+01 11
5 8.IE+00

8.IE+00 11

6 5.9E+01 7 5.9E+01
5.9E+01 12 3.OE+01
6 8.1E+00 7 8.lE+00
8.lE+00 12 4.1E+00

8 5.OE+01

8 2.8E+02

8 1.9E+00

8 5.9E+01

8 8.1E+00

U 238
9

NP237
9



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 3

--- POPULATION DATA ------------------------------

Population for Chronic Waterborne Release at the following Times A.D.:

Time Population

1990. 2.9E+05
2100. 3.9E+05
2200. 4.3E+05
2300. 4.7E+05
2990. 1.3E+06
11900. 4.9E+06



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Tern Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 4

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

until until
5 2270. 2.39E+02
6 2340. 5.94E+02
7 2410. 1.01E+03
8 2480. 1.49E+03
9 2550. 2.02E+03

10 2620. 2.62E+03
11 2690. 3.28E+03
12 2760. 4.OOE+03
13 2830. 4.40E+03

until until
144 12000. 44E0

Dose in units of person-rem;
that is the cumulative population dose received by the local population
over 10,000 years with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 5

Cumulative Population Dose Equivalent by Radionuclide

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14
TC 99
1 129
U 238
TH 234
PA 234
NP 237
PA 233

5.5E+01
5.6E+02

8.8E+01
6.3E+02
6.7E-02
2.2E-04
3.1E+03
3.1E-02

2.5E-03
3.4E-04

2.8E-04
1.3E-04
8.7E-02
1.3E-02
1.5E-02

3.6E-01

5.5E+01
5.6E+02

8.8E+01
6.3E+02
1.5E-01
1.4E-02
3.1E+03

4.OE-01

1
12

2
14
0
0
69
0

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 6

Maximum Dose Increment Received By Population
In Year 2830 (70-yr Time Period Number No: 12)

Weighted
Cumulative Cumulative

Dose Weighting Dose
Organ Equivalent Factors Equivalent

Gonads
Breast
R Marrow
Lung
Thyroid
Bone Sur
Stomach
Kidneys
Liver
LL Int.
UL Int.

1.OE+02 2.5E-01 2.5E+01
2.3E+01 1.5E-01 3.4E+00

1.0E-+03 1.2E-01 1.2E+02
2.3E+01 1.2E-01 2.7E+00
7.3E+02 3.OE-02 2.2E+01
1.3E+04 3.OE-02 3.8E+02
1.OE+03 6.OE-02 6.3E+01

6.9E+02 6.OE-02 4.lE+01
5.1E+02 6.OE-02 3.lE+01
2.SE+02 6.0E-02 1.7E+01

1E+02 6.OE-02 6.4E+00

Cumulative Effective Dose Equivalent 7.2E+02
External Dose 7.9E-02

Lifetime Effective Cumulative
Dose Equivalent 7.2E+02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 7

Maximum Dose Increment Received By Individual (rem)
In Year 2830 (70-yr Time Period Number No: 12)

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 9.3E-06 4.3E-10 9.3E-06 1
TC 99 9.5E-05 5.8E-11 9.5E-05 12
I 129 1.5E-05 4.7E-11 1.5E-05 2
U 238 1.1E-04 2.2E-11 l.1E-04 14
TH 234 l.IE-08 1.5E-08 2.6E-08 0
PA 234 3.8E-1 I 2.3E-09 2.3E-09 0
NP 237 5.2E-04 2.6E-09 5.2E-04 69
PA 233 5.2E-09 6.2E-08 6.7E-08

-- -- ---- --- --- ---- -_ _



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 8

Population Internal Dose To Organ by Radionuclide
In Year 2830 (70-yr Time Period Number No: 12)

Radionuclide Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

C 14 9.2E+00 9.2E+00 9.2E+00 9.2E+00 9.2E+00 1.1E+01 1.1E+01 9.2E+00
TC 99 9.5E+00 1.OE+03 1.9E+01 6.2E+01 1.7E+02 1.1E+01 I.1E+01 9.5E+00
1 129 3.2E-02 4.5E-02 2.8E-02 2.8E-02 2.8E-02 3.9E-02 4.2E-02 2.6E-02
U 238 4.OE+00 5.4E+00 7.9E+00 2.7E+01 7.9E+01 1.4E+03 9.3E+01 3.7E+00
TH 234 8.1E-05 3.OE-03 7.3E-03 4.3E-02 1.3E-01 6.OE-05 5.1E-05 6.8E-06
PA 234 9.4E-07 4.6E-05 9.4E-05 2.OE-04 1.6E-04 1.7E-06 4.9E-06 1.4E-06
NP 237 7.OE-02 6.5E-01 1.6E+00 8.5E+00 2.6E+01 1.IE+04 9.2E+02 7.8E+01
PA 233 2.2E-05 1.5E-03 4.1E-03 1.8E-02 5.3E-02 5.1 E-04 3.6E-04 1.1 E-04

Total internal 2.3E+01 1.0E+03 3.7E+01 1.1 E+02 2.8E+02 1.3E+04 1.0E+03 1.0E+02

Radionuclide Ovaries Muscle Thyroid Kidneys Liver

C 14 9.2E+00 9.2E+00 9.2E+00 0.0E+00 0.0E+00
TC 99 9.5E,+00 9.5E+00 2.4E+02 0.0E+00 1.3E+01
1 129 2.8E-02 6.7E-02 4.8E+02 0.0E+00 0.0E+00
U 238 3.9E+00 3.7E+00 3.9E+00 6.9E+02 0.0E+00
TH 234 8.5E-05 9.8E-06 8.7E-07 0.0E+00 1.2E-05
PA 234 2.0E-05 3.1E-06 1.1 E-07 5.11E-06 3.7E-06
NP 237 7.8E+01 6.3E-02 4.6E-02 0.0E+00 5.0E+02
PA 233 1.3E-03 1.4E-04 2.6E-06 1.SE-04 1.2E-04

Total internal 1.OE+02 2.3E+01 7.3E+02 6.9E+02 5.1E+02

Population Air Submersion and External Incremental Dose by Radionuclide
In Year 2830 (70-yr Time Period Number No: 12)



Air
Submer- Exter-

Radionuclide sion nal

C 14 5.2E-10 4.1E-04
TC 99 4.6E-11 5.6E-05
1 129 7.5E-11 4.6E-05
U 238 3.5E-11 2.1E-05
TH 234 5.6E-09 1.4E-02
PA 234 8.OE-10 2.2E-03
NP 237 4.9E-10 2.5E-03
PA 233 8.OE-09 6.OE-02

Total external 1.6E-08 7.9E-02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Tenn Surface Water Release TWRS-EIS (Long Term Management)
Executed on: 06/18/96 at 10:54:24.7 Page 9

Population Internal Dose To Organ by Exposure Pathway

In Year 2830 (70-yr Time Period Number No: 12)

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

Inhalation 2.8E-0l 2.1E-04 1.9E-04 2.1E-04 2.5E-04 4.6E-01 3.6E-02 3.5E-03
Ingestion (Terr) 1.5E+01 1.OE+03 2.7E+01 8.5E+01 2.3E+02 5.8E+03 4.7E+02 4.8E+01
Ingestion (Aqua) 5.8E+00 6.6E+00 6.4E+00 9.6E+00 1.8E+01 4.6E+03 3.8E+02 3.7E+01
Drinking Water 1.9E+00 2.2E+01 3.8E+00 1.2E+01 3.5E+01 2.4E+03 1.9E+02 1.5E+01

Total internal 2.3E+01 1.0E+03 3.7E+01 1.1E+02 2.8E+02 1.3E+04 1.OE+03 l.OE+02

Pathway Ovaries Muscle Thyroid Kidneys Liver

Inhalation 3.5E-03 1.8E-04 2.4E-04 4.7E-04 2.OE-02
Ingestion (Terr) 4.9E+01 1.5E+0l 6.7E+02 4 4E+02 2.3E+02
Ingestion (Aqua) 3.7E+01 5.8E+00 6.3E+00 1.2E+01 2.OE+02
Drinking Water 1.5E+01 1.9E+00 5.5E+01 2.4E+02 8.3E+01

Total internal 1.OE+02 2.3E+01 7.3E+02 6.9E+02 5.IE+02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
5

C 14
1129
NP237
TC99
U238
&INPUT IWAT=1, IPATH=2, LUW=4, IPOPL=2,
CFLO=120000.,
RM=1.0, TZ=1990., TZR=0.,
PL1(1)=294830.,391538.,431210.,469891.,1273208.,4932964.,
TL(1)=1990., 2100.,2200.,2300.,2990.,11900.,
NTL=6,
USAGE(1)=0.3,0.,0.,0.,438.,17.,17.,
CONSUM(1)=15.,276.,20.,230.,40.,30.,8.5,
EXTIM=2920.,MOPYR=6, RIRR=150.,
GRWP(1)=90.,90.,90.,30.,3*90.,
YELD(1)=1.5,4.,0.84,1.3,3*0.84,

&END
5

C14 5
1990. 0.0
4994. 0.0
4995. 0.3518
11995. 0.3518
11996. 0.0
1129 5
1990. 0.0
4994. 0.0
4995. 0.0021
11995. 0.0021
11996. 0.0
NP237 5
1990. 0.0
4994. 0.0
4995. 0.0085
11995. 0.0085
11996. 0.0
TC99 5
1990. 0.0
4994. 0.0
4995. 3.929
11995. 3.929
11996. 0.0
U 238 5



1990.
4994.
4995.
11995.
11996.

0.0
0.0
0.0619
0.0619
0.0



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 1

-- DATA LIBRARIES USED ------------------------ (File)--

Master Radionuclide Data: (2)
Radionuclide Master Library - Long Times (23-July-93 PDR)

Food Concentration Ratios: (8)
PNL Food Transfer Factor Library (by Z, Changed NP&U LF 6/18/96 AMN)

Fresh Water Bioaccumulation Factors: (9)
Bioaccumulation Factor Library - (30-Aug-88) RAP

External Exposure D.F.'s: (10)
External Dose Factors for GENII in person Sv/yr per Bq/X (8-May-90 RAP)

Inhalation/Ingestion D.F.'s: (30)
Worst-Case Solubilities, DITTY Internal Dose Factors (Sv/Bq) (23-Jul-93 PDR)

Waterborne Release Data: (31)
DITTY.IN

-- MASTER RADIONUCLIDE CONTROL LIST ----------------------
C 14 TC99 1129 U 238 TH234 PA234 NP237
PA233

--- TERRESTRIAL/AQUATIC PATHWAY DATA FOR AN AVERAGE INDIVIDUAL

Growing
Pathway Period Yield Consumption Pathway Usage

(days) (kglm2) (kg/yr) (kg or hr/yr)

LEAFY VEG 9.OE+01 1.5E+00 1.5E+01 FISH 3.OE-01
OTHER VEG 9.OE+01 4.OE+00 2.8E+02 CRUSTACEA 0.OE+00
EGGS 9.OE+01 8.4E-01 2.OE+01 MOLLUSES 0.OE+00
MILK 3.OE+01 1.3E+00 2.3E+02 PLANTS 0.OE+00
BEEF 9.OE+01 8.4E-01 4.OE+01 DRINKING WATER 4.4E+02
PORK 9.OE+01 8.4E-01 3.OE+01 SEDIMENT EXPOSU 1.7E+01
POULTRY 9.OE+01 8.4E-01 8.5E+00 SWIMMING TIME 1.7E+01



External Exposure Time: 2.92E+03 hr/yr

---- LIQUID RELEASE PARAMETERS ------------------------------------

River Flow Rate, (ft3/sec): 1.2E+05
Reconcentration Ratio : .OE+00
Mixing Ratio : 1.OE+00

Input Prepared By:

Input Checked By:

Months/Year Irrigated: 6.OE+00
Irrigation Rate

(liters/m2/month) : 1.5E+02

Date:

Date:



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 2

-- WATER RELEASE OF EACH RADIONCLIDE PER 70-YR PERIOD (Ci) ---- ---

Radio- Period/ Period/ Period/ Period/ Period/
nuclide Activity Activity Activity Activity Activity

C 14 43 1.9E+00 44 2.5E+01 45 2.5E+01 46 2.5E+01 47 2.5E+01
49
54
59
64
69
74
79
84
89

2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+0 1
2.5E+01
2.5E+01
2.5E+01
2.5E+01

94 2.5E+O1
99 2.5E+01
104
109
114
119
124
129
134
139

2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01

50 2.5E+01 51
55 2.5E+01 56
60 2.5E+01 61
65 2.5E+01 66
70 2.5E+01 71
75 2.5E+01 76
80 2.5E+01 81
85 2.5E+01 86
90 2.5E+01 91

95 2.5E+01 96

2.5E+01 52 2.5E+01
2.5E+01 57 2.5E+01
2.5E+01 62 2.5E+01
2.5E+01 67 2.5E+01
2.5E+01 72 2.5E+01
2.5E+01 77 2.5E+01
2.5E+01 82 2.5E+01
2.5E+01 87 2.5E+01
2.5E+01 92 2.5E+01

2.5E+01 97 2.5E+01
100 2.5E+01 101 2.5E+01 102 2.5E+01

105
110
115
120
125
130
135
140

2.5E+0 1
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01

106 2.5E+01 1
111 2.5E+01 1
116 2.5E+01 I
121
126
131

2.5E+01
2.5E+01
2.5E+01

1
1:
I

136 2.5E+01 1
141 2.5E+01 1

143 2.3E+01
TC99 43 2.2E+01 44 2.8E+02 45 2.8E+02 46 2.8E+02

49
54
59
64
69
74
79
84

2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02

50
55
60
65
70
75
80
85

2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02

51
56
61
66
71
76

2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02

52
57
62
67
72
77

2.8E+02 81 2.8E+02 82
2.8E+02 86 2.8E+02 87

07 2.5E+01
12 2.5E+01
17 2.5E+01
22 2.5E+01
27 2.5E+01
32 2.5E+01
37 2.5E+01
42 2.5E+01

47 2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02

48
53
58
63
68
73
78
83
88
93
98
103
108
113
118
123
128
133
138

2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+01
.5E+01

2.5E+01
2.5E+01
2.5E+01
2.5E+01
2.5E+0 1
2.5E+01
2.5E+01
2.5E+01
2.5E+01

48
53
58
63
68
73
78
83

2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02
2.8E+02



88 2.8E+02 89,2.8E+02 90 2.8E+02 91 2.8E+02 92 2.8E+02
93 2.8E+02 94 2.8E+02 95 2.8E+02 96 2.8E+02 97 2.8E+02
98 2.8E+02 99 2.8E+02 100 2.8E+02 101 2.8E+02 102 2.8E+02
103 2.8E+02 104 2.8E+02 105 2.8E+02 106 2.8E+02 107 2.8E+02
108 2.8E+02 109 2.8E+02 110 2.8E+02 111 2.8E+02 112 2.8E+02
113 2.8E+02 114 2.8E+02 115 2.8E+02 116 2.8E+02 117 2.8E+02
118 2.8E+02 119 2.8E+02 120 2.8E+02 121 2.8E+02 122 2.8E+02
123 2.8E+02 124 2.8E+02 125 2.8E+02 126 2.8E+02 127 2.8E+02
128 2.8E+02 129 2.8E+02 130 2.8E+02 131 2.8E+02 132 2.8E+02
133 2.8E+02 134 2.8E+02 135 2.8E+02 136 2.8E+02 137 2.8E+02
138 2.8E+02 139 2.8E+02 140 2.8E+02 141 2.8E+02 142 2.8E+02
143 2.6E+02

1129 43 1.2E-02 44 1.5E-01 45 1.5E-01 46 1.5E-01 47 1.5E-01
48 1.5E-01 49 1.5E-01
53 1.5E-01 54 1.5E-01
58 1.5E-01 59 1.5E-01

1.5E-01 124

1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01

50 1.5E-01
55 1.5E-01
60 1.5E-01
65 1.5E-01
70 1.5E-01
75 1.5E-01
80 1.5E-01
85 1.5E-01
90 1.5E-01
95 1.5E-01
100 1.5E-01

1.5E-01 105
1.5E-01 110
1.5E-01 115
1.5E-01 120
1.5E-01
1.5E-01
1.5E-01
1.5E-01

125
130
135
140

51 1.5E-01 52 1.5E-01
56 1.5E-01 57 1.5E-01
61 1.5E-01 62 1.5E-01
66 1.5E-01 67 1.5E-01
71 1.5E-01 72 1.5E-01
76 1.5E-01 77 1.5E-01
81 1.5E-01 82 1.5E-01
86 1.5E-01 87 1.5E-01
91 1.5E-01 92 1.5E-01
96 1.5E-01 97 1.5E-01
101 1.5E-01 102 1.5E-01

1.5E-01 106 1.5E-01
1.5E-01 111
1.5E-01 116
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01

121
126
131
136
141

1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01

107
112
117
122
127
132
137
142

1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01

143 1.4E-01
U 238 43 3.4E-01 44 4.3E+00 45 4.3E+00 46 4.3E+00 47 4.3E+00

48 4.3E+00 49 4.3E+00 50 4.3E+00 51 4.3E+00 52 4.3E+00
53 4.3E+00 54 4.3E+00 55 4.3E+00 56 4.3E+00 57 4.3E+00
58 4.3E+00 59 4.3E+00 60 4.3E+00 61 4.3E+00 62 4.3E+00
63 4.3E+00 64 4.3E+00 65 4.3E+00 66 4.3E+00 67 4.3E+00
68 4.3E+00 69 4.3E+00 70 4.3E+00 71 4.3E+00 72 4.3E+00
73 4.3E+00 74 4.3E+00 75 4.3E+00 76 4.3E+00 77 4.3E+00
78 4.3E+00 79 4.3E+00 80 4.3E+00 81 4.3E+00 82 4.3E+00
83 4.3E+00 84 4.3E+00 85 4.3E+00 86 4.3E+00 87 4.3E+00
88 4.3E+00 89 4.3E+00 90 4.3E+00 91 4.3E+00 92 4.3E+00
93 4.3E+00 94 4.3E+00 95 4.3E+00 96 4.3E+00 97 4.3E+00
98 4.3E+00 99 4.3E+00 100 4.3E+00 101 4.3E+00 102 4.3E+00

1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01
1.5E-01

64
69
74
79
84
89
94
99
104
109
114
119

63
68
73
78
83
88
93
98
103
108
113
118
123
128
133
138

1.5E-01
1.5E-01
1.5E-01

129
134
139



4.3E+00 104 4.3E+00 1
4.3E+00 109 4.3E+00 1
4.3E+00 114 4.3E+00 1
4.3E+00 119 4.3E+00 I
4.3E+00 124 4.3E+00 I
4.3E+00 129 4.3E+00 1
4.3E+00 134 4.3E+00 1
4.3E+00 139 4.3E+00 1

103
108
113
118
123
128
133
138
143

NP237
48
53
58
63
68
73
78
83
88
93
98
103
108
113
118
123
128
133
138
143

6.OE-01
6.OE-01
6.0E-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
5.6E-01

104
109
114
119
124
129
134
139

44 6.OE-01
6.OE-01 50
6.OE-01 55
6.OE-01 60
6.OE-01 65
6.OE-01 70
6.OE-01 75
6.OE-01 80
6.OE-01 85
6.OE-01 90
6.OE-01 95
6.OE-01 100

6.OE-01 105
6.OE-01 110
6.OE-01 115
6.OE-01 120
6.OE-01 125
6.OE-01 130
6.0E-01 135
6.OE-01 140

05 4.3E+00
10 4.3E+00
15 4.3E+00
20 4.3E+00
25 4.3E+00
30 4.3E+00
35 4.3E+00
40 4.3E+00

45 6.OE-01
6.OE-01 51
6.OE-01 56
6.OE-01 61
6.OE-01 66
6.OE-01 71
6.OE-01 76
6.OE-01 81
6.OE-01 86
6.OE-01 91
6.OE-01 96

106 4.3E+00
111 4.3E+00
116 4.3E+00
121 4.3E+00
126 4.3E+00
131 4.3E+00
136 4.3E+00
141 4.3E+00

46 6.OE-01
6.OE-01 52
6.OE-01 57
6.OE-01 62
6.OE-01 67
6.OE-01 72
6.OE-01 77
6.OE-01 82
6.OE-01 87
6.OE-01 92
6.OE-01 97

107
112
117
122
127
132
137
142

4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00
4.3E+00

47 6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.0E-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01

4.1E+00
43 4.7E-02
6.OE-01 49
6.0E-01 54
6.OE-01 59
6.OE-01 64
6.OE-01 69
6.OE-01 74
6.OE-01 79
6.OE-01 84
6.OE-01 89
6.OE-01 94
6.OE-01 99

6.OE-01 106
6.OE-01 111
6.OE-01 116
6.OE-01 121
6.OE-01 126
6.OE-01 131
6.OE-01 136
6.OE-01 141

6.OE-01
6.OE-01
6.OE-01
6.0E-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01

107
112
117
122
127
132
137
142

6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01
6.OE-01

6.OE-01 101 6.OE-01 102 6.OE-01



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 3

---- POPULATION DATA -----------------------------

Population for Chronic Waterborne Release at the following Times A.D.:

Time Population

1990. 2.9E+05
2100. 3.9E+05
2200. 4.3E+05
2300. 4.7E+05
2990. 1.3E+06
11900. 4.9E+06



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 4

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

until until
44 5000. 2.36E+01
45 5070. 3.27E+02
46 5140. 6.36E+02
47 5210. 9.48E+02
48 5280. 1.26E+03
49 5350. 1.58E+03
50 5420. 1.91E+03
51 5490. 2.24E+03
52 5560. 2.57E+03
53 5630. 2.91E+03
54 5700. 3.25E+03
55 5770. 3.59E+03
56 5840. 3.94E+03
57 5910. 4.30E+03
58 5980. 4.65E+03
59 6050. 5.02E+03
60 6120. 5.38E+03
61 6190. 5.75E+03
62 6260. 6.13E+03
63 6330. 6.51E+03
64 6400. 6.89E+03
65 6470. 7.27E+03
66 6540. 7.66E+03
67 6610. 8.06E+03
68 6680. 8.46E+03
69 6750. 8.86E+03
70 6820. 9.27E+03
71 6890. 9.68E+03
72 6960. 1.01E+04



73 7030. 1.05E+04
74 7100. 1.09E+04
75 7170. 1.14E+04
76 7240. 1.18E+04
77 7310. 1.22E+04
78 7380. 1.27E+04
79 7450. 1.31E+04
80 7520. 1.36E+04
81 7590. 1.40E+04
82 7660. 1.45E+04
83 7730. 1.49E+04
84 7800. 1.54E+04
85 7870. 1.59E+04



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 5

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

86 7940. 1.63E+04
87 8010. 1.68E+04
88 8080. 1.73E+04
89 8150. 1.78E+04
90 8220. 1.83E+04
91 8290. 1.88E+04
92 8360. 1.93E+04
93 8430. 1.98E+04
94 8500. 2.03E+04
95 8570. 2.08E+04
96 8640. 2.13E+04
97 8710. 2.18E+04
98 8780. 2.24E+04
99 8850. 2.29E+04
100 8920. 2.34E+04
101 8990. 2.39E+04
102 9060. 2.45E+04
103 9130. 2.50E+04
104 9200. 2.56E+04
105 9270. 2.61E+04
106 9340. 2.67E+04
107 9410. 2.72E+04
108 9480. 2.78E+04
109 9550. 2.84E+04
110 9620. 2.90E+04
111 9690. 2.95E+04
112 9760. 3.OIE+04
113 9830. 3.07E+04
114 9900. 3.13E+04
115 9970. 3.19E+04



116 1,0040. 3.25E+04
117 10110. 3.31E+04
118 10180. 3.37E+04
119 10250. 3.43E+04
120 10320. 3.49E+04
121 10390. 3.55E+04
122 10460. 3.61E+04
123 10530. 3.68E+04
124 10600. 3.74E+04
125 10670. 3.80E+04
126 10740. 3.87E+04
127 

10810.128 10880.( 4.OE7'
-- -- -- --- -- -- --- -- -



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 6

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year

129
130
131
132
133
134
135
136
137
138
139
140
141
142
143,
144

Dose

10950. 4.06E+04
11020. 4.13E+04
11090. 4.19E+04
11160. 4.26E+04
11230. 4.33E+04
11300. 4.39E+04
11370. 4.46E+04
11440. 4.53E+04
11510. 4.60E+04
11580. 4.67E+04
11650. 4.74E+04
11720. 4.81E +04
11790. 4.88E+04
11860. 4.95E+04
11930.+
12000. 5.08E+04

Dose in units of person-rem;
that is the cumulative population dose received by the local population
over 10,000 years with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 7

Cumulative Population Dose Equivalent by Radionuclide

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 1.6E+03 7.5E-02 1.6E+03 3
TC 99 3.3E+04 2.OE-02 3.3E+04 64
1 129 4.OE+02 L3E-03 4.OE+02 0
U 238 2.8E+03 5.8E-04 2.8E+03 5
TH 234 3.OE-01 3.8E-01 6.8E-01 0
PA 234 9.9E-04 6.0E-02 6.1E-02 0
NP 237 1.4E+04 6.8E-02 1.4E+04 26
PA 233 1.4E-01 1.6E+00 1.8E+00 0

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.

I



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 8
-------------------------------------------------------

Maximum Dose Increment Received By Population
In Year 12000 (70-yr Time Period Number No: 143)

Weighted
Cumulative Cumulative

Dose Weighting Dose
Organ Equivalent Factors Equivalent

Gonads 1.OE+02 2.5E-01 2.5E+01
Breast 7.2E+01 1.5E-01 1.1E+01
R Marrow 4.7E+02 1.2E-01 5.6E+01
Lung 7.2E+01 1.2E-01 8.7E+00
Thyroid 1.4E+03 3.OE-02 4.2E+01
Bone Sur 4.9E+03 3.0E-02 1.5E+02
Stomach 5.2E+03 6.OE-02 3.IE+02
LL Int. 9.LE+02 6.OE-02 5.4E+01
UL Int. 3.5E+02 6.OE-02 2.1E+01
Kidneys 2.6E+02 6.OE-02 1.6E+01
Liver 2.5E+02 6.OE-02 1.5E+01

Cumulative Effective Dose Equivalent 7.1E+02
External Dose 3.1E-02

Lifetime Effective Cumulative
Dose Equivalent 7.JE+02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 9

Maximum Dose Increment Received By Individual (rem)
In Year 12000 (70-yr Time Period Number No: 143)

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 4.6E-06 2.1E-10 4.6E-06 3
TC 99 9.3E-05 5.7E-1 1 9.3E-05 64
1 129 1.lE-06 3.6E-12 1.1E-06 0
U 238 8.0E-06 1.6E-12 8.OE-06 5
TH 234 8.4E-10 I.1E-09 1.9E-09 0
PA 234 2.8E-12 1.7E-10 1.7E-10 0
NP 237 3.9E-05 1.9E-10 3.9E-05 26
PA 233 3.8E-10 4.6E-09 5.OE-09 0



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 10

Population Internal Dose To Organ by Radionuclide
In Year 12000 (70-yr Time Period Number No: 143)

Radionuclide Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

C 14 2.3E+01 2.3E+01 2.3E+01 2.3E+01 2.3E+01 2.9E+01 2.9E+01 2.3E+01
TC 99 4.8E+01 5.2E+03 9.3E+01 3.IE+02 8.4E+02 5.6E+01 5.6E+01 4.8E+01
1 129 1.2E-02 1.7E-02 1.1E-02 1.LE-02 L.lE-02 l.5E-02 1.6E-02 9.9E-03
U 238 1.5E+00 2.OE+00 3.0E+00 1.0E+01 3.0E+01 5.3E+02 3.5E+01 1.4E+00
TH 234 3.OE-05 1.1E-03 2.7E-03 1.6E-02 4.8E-02 2.3E-05 1.9E-05 2.6E-06
PA 234 3.6E-07 1.7E-05 3.5E-05 7.4E-05 6.1E-05 6.5E-07 1.8E-06 5.5E-07
NP 237 2.6E-02 2.5E-01 5.9E-01 3.2E+00 9.9E+00 4.3E+03 3.5E+02 3.0E+01
PA 233 8.313-06 5.5E-04 1.5E-03 6.9E-03 2.0E-02 1.9E-04 1.4E-04 4.2E-05

Total internal 7.2E+01 5.2E+03 1.2E+02 3.5E+02 9.1E+02 4.9E+03 4.7E+02 1.0E+02

Radionuclide Ovaries Muscle Thyroid Kidneys Liver

C 14 2.3E+01 2.3E+01 2.3E+01 0.0E+00 0.0E+00
TC 99 4.8E+01 4.8E+01 1.2E+03 0.0E+00 6.5E+01
1 129 1.1E-02 2.6E-02 1.9E+02 0.0E+00 0.0E+00
U 238 1.5E+00 1.4E+00 1.5E+00 2.6E+02 0.0E+00
TH 234 3.2E-05 3.7E-06 3.3E-07 0.0E+00 4.5E-06
PA 234 7.7E.-06 1.2E-06 4.2E-08 1.9E-06 1.4E-06
NP 237 3.OE+01 2.4E-02 1.7E-02 0.0E+00 1.9E+02
PA 233 5.0E-04 5.3E-05 9.7E-07 6.6E-05 4.7E-05

Total internal 1.0E+02 7.2E+0 11.4E+03 2.6E+02 2.5E+02

Population Air Submersion and External Incremental Dose by Radionuclide
In Year 12000 (70-yr Time Period Number No: 143)

I



Air
Submer- Exter-

Radionuclide sion nal

C 14 1.3E-09 1.OE-03
TC 99 2.3E-10 2.8E-04
I 129 2.9E-11 1.E-05
U 238 1.3E-11 8.1E-06
TH 234 2.1E-09 5.4E-03
PA 234 3.OE-10 8.4E-04
NP 237 1.8E-10 9.5E-04
PA 233 3.OE-09 2.3E-02

Total external 7.2E-09 3.1E-02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Ded-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (In Situ Fill & Cap)
Executed on: 06/18/96 at 10:54:36.0 Page 11

Population Internal Dose To Organ by Exposure Pathway

In Year 12000 (70-yr Time Period Number No: 143)

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

Inhalation 1.1E-0I 5.9E-04 4.5E-04 4.7E-04 4.9E-04 1.7E-01 1.4E-02 1.7E-03
Ingestion (Terr) 5.6E+01 5.1E+03 1.OE+02 3.2E+02 8.6E+02 2.2E+03 2.4E+02 6.8E+01
Ingestion (Aqua) 1.4E+01 1.7E+01 1.5E+01 1.6E+01 1.9E+01 1.8E+03 1.6E+02 2.6E+01
Drinking Water 2.4E+00 1.0E+02 3.9E+00 1.1E+01 2.9E+01 9.OE+02 7.2E+01 7.3E+00

Total internal 7.2E+01 5.2E+03 1.2E+02 3.5E+02 9.IE+02 4.9E+03 4.7E+02 1.OE+02

Pathway Ovaries Muscle Thyroid Kidneys Liver

Inhalation 1.7E-03 4.5E-04 5.0E-04 1.8E-04 7.6E-03
Ingestion (Terr) 6.8E+01 5.6E+01 1.3E+03 1.7E+02 1.4E+02
Ingestion (Aqua) 2.6E+01 1.4E+01 1.5E+01 4.4E+00 7.6E+01
Drinking Water 7.4E+00 2.4E+00 4.3E+01 9.OE+01 3.2E+01

Total internal l.OE+02 7.2E+01 1.4E+03 2.6E+02 2.5E+02

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
5

C 14
1129
NP237
TC99
U 238
&INPUT IWAT=1, IPATH=2, LUW=1, IPOPL=2,
CFLO=120000.,
RM=1.0, TZ=1990., TZR=0.,
PL1(1)=294830.,391538.,431210.,469891.,1273208.,4932964.,
TL(1)=1990., 2100.,2200.,2300.,2990.,11900.,
NTL=6,
USAGE(1)=0.3,0.,0.,0.,438.,17.,17.,
CONSUM(1)=15.,276.,20.,230.,40.,30.,8.5,
EXTIM=2920.,MOPYR=6, RIRR=150.,
GRWP(1)=90.,90.,90.,30.,3*90.,
YELD(1)=1.5,4.,0.84,1.3,3*0.84,

&END
5

C 14 5
1990. 0.0
4244. 0.0
4245. 0.0199
11995. 0.0199
11996. 0.0
1129 5
1990. 0.0
4244. 0.0
4245. 0.0002
11995. 0.0002
11996. 0.0
NP237 5
1990. 0.0
4244. 0.0
4245. 0.0006
11995. 0.0006
11996. 0.0
TC99 5
1990. 0.0
4244. 0.0
4245. 0.3326
11995. 0.3326
11996. 0.0
U 238 5



1990.
4244.
4245.
11995.
11996.

0.0
0.0
0.0075
0.0075
0.0



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 1

-- DATA LIBRARIES USED ------------------------ (File)--

Master Radionuclide Data: (2)
Radionuclide Master Library - Long Times (23-July-93 PDR)

Food Concentration Ratios: (8)
PNL Food Transfer Factor Library (by Z, Changed NP&U LF 6/18/96 AMN)

Fresh Water Bioaccumulation Factors: (9)
Bioaccumulation Factor Library - (30-Aug-88) RAP

External Exposure D.F.'s: (10)
External Dose Factors for GENII in person Sv/yr per Bq/X (8-May-90 RAP)

Inhalation/Ingestion D.F.'s: (30)
Worst-Case Solubilities, DITTY Internal Dose Factors (Sv/Bq) (23-Jul-93 PDR)

Waterborne Release Data: (31)
DITTY.IN

-- MASTER RADIONUCLIDE CONTROL LIST -----------------------
C 14 TC99 1129 U238 TH234 PA234 NP237
PA233

--- TERRESTRIAL/AQUATIC PATHWAY DATA FOR AN AVERAGE INDIVIDUAL

Growing
Pathway Period Yield Consumption Pathway Usage

(days) (kg/m2) (kg/yr) (kg or hr/yr)

LEAFY VEG 9.OE+01 1.5E+00 1.5E+01 FISH 3.OE-01
OTHER VEG 9.OE+01 4.OE+00 2.8E+02 CRUSTACEA O.OE+00
EGGS 9.OE+01 8.4E-01 2.0E+01 MOLLUSES 0.OE+00
MILK 3.OE+01 1.3E+00 2.3E+02 PLANTS 0.OE+00
BEEF 9.OE+01 8.4E-01 4.OE+01 DRINKING WATER 4.4E+02
PORK 9.OE+01 8.4E-01 3.OE+01 SEDIMENT EXPOSU 1.7E+01
POULTRY 9.OE+01 8.4E-01 8.5E+00 SWIMMING TIME 1.7E+01



External Exposure Time: 2.92E+03 hr/yr

-- LIQUID RELEASE PARAMETERS ---------------------------

River Flow Rate, (ft3/sec): 1.2E+05
Reconcentration Ratio
Mixing Ratio

Input Prepared By:

Input Checked By:

: 1.OE+00
Months/Year Irrigated: 6.OE+00

Irrigation Rate
: 1.OE+00 (liters/m2/month) : 1.5E+02

Date:.

Date:



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 2

- WATER RELEASE OF EACH RADIONCLIDE PER 70-YR PERIOD (Ci) ----

Radio- Period/
nuclide Activity

Period/
Activity

Period/
Activity

Period/ Period/
Activity Activity

C 14 33 1.1E+00 34 1.4E+00 35 1.4E+00 36 1.4E+00 37 1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00

39
44
49
54
59
64
69
74
79
84
89
94
99

1.4E+00 104
1.4E+00 109
1.4E+00 114
1.4E+00 119
1.4E+00 124
1.4E+00 129
1.4E+00 134
1.4E+00 139

1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00

40
45
50
55'
60
65
70
75
80
85
90
95

1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00

41
46
51
56
61
66
71
76
81
86
91
96

1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00

42
47
52
57
62
67
72
77
82
87
92
97

1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00

1.4E+00 100 1.4E+00 101 1.4E+00 102 1.4E+00
1.4E+00 105
1.4E+00 110
1.4E+00 115
1.4E+00 120
1.4E+00 125
1.4E+00 130
1.4E+00 135
1.4E+00 140

1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00

106
111
116
121
126
131
136
141

38
43
48
53
58
63
68
73
78
83
88
93
98
103
108
113
118
123
128
133
138
143

TC99
38
43
48
53
58
63

1.4E+00 107
1.4E+00 112
1.4E+00 117
1.4E+00 122
1.4E+00 127
1.4E+00 132
1.4E+00 137
1.4E+00 142

1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00
1.4E+00

36 2.3E+01 37 2.3E+01
2.3E+01 42 2.3E+01
2.3E+01 47 2.3E+01
2.3E+01 52 2.3E+01
2.3E+01 57 2.3E+01
2.3E+01 62 2.3E+01
2.3E+01 67 2.3E+01

1.3E+00
33 1.8E+01 34 2.3E+01 35 2.3E+01
2.3E+01 39 2.3E+01 40 2.3E+01 41
2.3E+01 44 2.3E+01 45 2.3E+01 46
2.3E+01 49 2.3E+01 50 2.3E+01 51
2.3E+01 54 2.3E+01 55 2.3E+01 56
2.3E+01 59 2.3E+01 60 2.3E+01 61
2.3E+01 64 2.3E+01 65 2.3E+01 66



69.2.3E+01
74 2.3E+01
79 2.3E+01
84 2.3E+01
89 2.3E+01
94 2.3E+01
99 2.3E+01

68
73
78
83
88
93
98
103
108
113
118
123
128
133
138
143

2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.2E+01

70 2.3E+01
75 2.3E+01
80 2.3E+01
85 2.3E+01
90 2.3E+01
95 2.3E+01
100 2.3E+01

105
110
115
120
125
130
135
140

2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01

71 2.3E+01 72 2.3E+01
76 2.3E+01 77 2.3E+01
81 2.3E+01 82 2.3E+01
86 2.3E+01 87 2.3E+01
91 2.3E+01 92 2.3E+01
96 2.3E+01 97 2.3E+01
101 2.3E+01 102 2.3E+01

106
111
116
121
126
131
136
141

2.3E+01 107
2.3E+01 112
2.3E+01 117
2.3E+01 122
2.3E+01 127
2.3E+01 132
2.3E+01 137
2.3E+01 142

2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01

1129 33 1.1E-02 34 1.4E-02 35 1.4E-02 36 1.4E-02 37 1.4E-02
38
43
48
53
58
63
68
73
78
83
88
93
98

I.4E-02
I.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02

39
44
49
54
59
64
69
74
79
84
89
94
99

1.4E-02
I.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
I.4E-02
1.4E-02
1.4E-02

40
45
50
55
60
65
70
75
80
85
90
95
100

1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
I.4E-02
1.4E-02
1.4E-02
1.4E-02

41
46
51
56
61
66
71
76
81
86
91
96

1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02

42
47
52
57
62
67
72
77
82
87
92
97

1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02
1.4E-02

1.4E-02 101 1.4E-02 102 1.4E-02
103 1.4E-02 104 1.4E-02 105 1.4E-02 106 1.4E-02 107 1.4E-02
108 1AE-02 109 1AE-02 110 1AE-02 111 1.4E-02 112 1.4E-02
113 1.4E-02 114 1AE-02 115 1.4E-02 116 1.4E-02 117 1.4E-02
118 1.4E-02 119 IAE-02 120 1.4E-02 121 1AE-02 122 1.4E-02
123 1AE-02 124 1AE-02 125 1.4E-02 126 1.4E-02 127 1.4E-02
128 1.4E-02 129 1.4E-02 130 1.4E-02 131 1.4E-02 132 1.4E-02
133 1.4E-02 134 1.4E-02 135 1AE-02 136 1.4E-02 137 1.4E-02
138 1AE-02 139 1.4E-02 140 1.4E-02 141 1.4E-02 142 1.4E-02
143 1.3E-02

U 238 33 4.2E-01 34 5.2E-01 35 5.2E-01 36 5.2E-01 37 5.2E-01
38 5.2E-01 39 5.2E-01 40 5.2E-01 41 5.2E-01 42 5.2E-01
43 5.2E-01 44 5.2E-01 45 5.2E-01 46 5.2E-01 47 5.2E-01
48 5.2E-01 49 5.2E-01 50 5.2E-01 51 5.2E-01 52 5.2E-01
53 5.2E-01 54 5.2E-01 55 5.2E-01 56 5.2E-01 57 5.2E-01
58 5.2E-01 59 5.2E-01 60 5.2E-01 61 5.2E-01 62 5.2E-01

104
109
114
119
124
129
134
139

2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01
2.3E+01



5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01

64
69
74
79
84
89
94
99

63
68
73
78
83
88
93
98
103
108
113
118
123
128
133
138
143

NP237
38
43
48
53
58
63
68
73
78
83
88
93
98

4.9E-01
33 3.3E-02
4.2E-02 39
4.2E-02 44
4.2E-02 49
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02

54
59
64
69
74
79
84

15.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01

65 5.2E-01
70 5.2E-01
75 5.2E-01
80 5.2E-01
85 5.2E-01
90 5.2E-01
95 5.2E-01

100 5.2E-01
5.2E-01 105
5.2E-01 110
5.2E-01 115
5.2E-01 120
5.2E-01 125
5.2E-01 130

66 5.2E-01 67 5.2E-01
71 5.2E-01 72 5.2E-01
76 5.2E-01 77 5.2E-01
81 5.2E-01 82 5.2E-01
86 5.2E-01 87 5.2E-01
91 5.2E-01 92 5.2E-01
96 5.2E-01 97 5.2E-01
101 5.2E-01 102 5.2E-01

5.2E-01 106
5.2E-01 111
5.2E-01 116
5.2E-01 121
5.2E-01 126
5.2E-01 131

5.2E-01 135 5.2E-01 136
5.2E-01 140 5.2E-01 141

5.2E-01 107
5.2E-01 112
5.2E-01 117
5.2E-01 122
5.2E-01 127
5.2E-01 132
5.2E-01 137
5.2E-01 142

34 4.2E-02 35 4.2E-02 36 4.2E-02
4.2E-02 40 4.2E-02 41
4.2E-02 45 4.2E-02 46
4.2E-02 50
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02

55
60
65
70
75
80
85

89 4.2E-02 90
94
99

4.2E-02 95

4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02

51
56
61
66
71
76
81
86

4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02

42
47
52
57
62
67
72
77
82
87

4.2E-02 91 4.2E-02 92
4.2E-02 96 4.2E-02 97

5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01
5.2E-01

37 4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02
4.2E-02

4.2E-02 100 4.2E-02 101 4.2E-02 102 4.2E-02
103 4.2E-02 104 4.2E-02 105 4.2E-02 106 4.2E-02 107 4.2E-02
108 4.2E-02 109 4.2E-02 110 4.2E-02 111 4.2E-02 112 4.2E-02
113 4.2E-02 114 4.2E-02 115 4.2E-02 116 4.2E-02 117 4.2E-02
118 4.2E-02 119 4.2E-02 120 4.2E-02 121 4.2E-02 122 4.2E-02
123 4.2E-02 124 4.2E-02 125 4.2E-02 126 4.2E-02 127 4.2E-02
128 4.2E-02 129 4.2E-02 130 4.2E-02 131 4.2E-02 132 4.2E-02
133 4.2E-02 134 4.2E-02 135 4.2E-02 136 4.2E-02 137 4.2E-02
138 4.2E-02 139 4.2E-02 140 4.2E-02 141 4.2E-02 142 4.2E-02
143 3.9E-02

5.2E-01 104
5.2E-01 109
5.2E-01 114
5.2E-01 119
5.2E-01 124
5.2E-01 129
5.2E-01 134
5.2E-01 139



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 3

---- POPULATION DATA -----------------------------

Population for Chronic Waterborne Release at the following Times A.D.:

Time Population

1990. 2.9E+05
2100. 3.9E+05
2200. 4.3E+05
2300. 4.7E+05
2990. 1.3E+06
11900. 4.9E+06

1



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 4

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

until until
34 4300. 1.68E+01
35 4370. 3.84E+01
36 4440. 6.03E+01
37 4510. 8.25E+01
38 4580. 1.05E+02
39 4650. 1.28E+02
40 4720. 1.5 1E+02
41 4790. 1.75E+02
42 4860. 1.99E+02
43 4930. 2.23E+02
44 5000. 2.48E+02
45 5070. 2.73E+02
46 5140. 2.98E+02
47 5210. 3.24E+02
48 5280. 3.50E+02
49 5350. 3.76E+02
50 5420. 4.03E+02
51 5490. 4.30E+02
52 5560. 4.57E+02
53 5630. 4.85E+02
54 5700. 5.13E+02
55 5770. 5.41E+02
56 5840. 5.70E+02
57 5910. 5.99E+02
58 5980. 6.28E+02
59 6050. 6.58E+02
60 6120. 6.88E+02
61 6190. 7.18E+02
62 6260. 7.49E+02



63 6330. 7.80E+02
64 6400. 8.11E+02
65 6470. 8.43E+02
66 6540. 8.75E+02
67 6610. 9.08E+02
68 6680. 9.41E+02
69 6750. 9.74E+02
70 6820. 1.01E+03
71 6890. 1.04E+03
72 6960. 1.08E+03
73 7030. 1.11E+03
74 7100. 1.14E+03
75 7170. 1.18E+03



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 5

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

76 7240. 1.21E+03
77 7310. 1.25E+03
78 7380. 1.29E+03
79 7450. 1.32E+03
80 7520. 1.36E+03
81 7590. 1.40E+03
82 7660. 1.44E+03
83 7730. 1.47E+03
84 7800. 1.51E+03
85 7870. 1.55E+03
86 7940. 1.59E+03
87 8010. 1.63E+03
88 8080. 1.67E+03
89 8150. 1.71E+03
90 8220. 1.75E+03
91 8290. 1.79E+03
92 8360. 1.83E+03
93 8430. 1.87E+03
94 8500. 1.91E+03
95 8570. 1.95E+03
96 8640. 2.OOE+03
97 8710. 2.04E+03
98 8780. 2.08E+03
99 8850. 2.12E+03
100 8920. 2.17E+03
101 8990. 2.21E+03
102 9060. 2.26E+03
103 9130. 2.30E+03
104 9200. 2.35E+03
105 9270. 2.39E+03



106
107
108
109
110
111
112
113
114
115
116
117
118

9340.
9410.
9480.
9550.
9620.
9690.
9760.
9830.
9900.
9970.

10040.
10110.
10180.

2.44E+03
2.48E+03
2.53E+03
2.58E+03
2.62E+03
2.67E+03
2.72E+03
2.77E+03
2.82E+03
2.86E+03
2.91E+03
2.96E+03
3.01E+03



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 6

Lifetime Effective Cumulative Dose Equivalent as a Function of Time

Period Year Dose

119 10250. 3.06E+03
120 10320. 3.11E+03
121 10390. 3.16E+03
122 10460. 3.21E+03
123 10530. 3.27E+03
124 10600. 3.32E+03
125 10670. 3.37E+03
126 10740. 3.42E+03
127 10810. 3.48E+03
128 10880. 3.53E+03
129 10950. 3.58E+03
130 11020. 3.64E+03
131 11090. 3.69E+03
132 11160. 3.74E+03
133 11230. 3.80E+03
134 11300. 3.85E+03
135 11370. 3.91E+03
136 11440. 3.97E+03
137 11510. 4.02E+03
138, 11580. 4.08E+03
139 11650. 4.14E+03
140 11720. 4.19E+03
141 11790. 4.25E+03
142 11860. 4.31E+03
143 11930. 4.37E+03
144 12000. 0I

Dose in units of person-rem;



that is the cumulative.population dose received by the local population
over 10,000 years with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Tern Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 7

Cumulative Population Dose Equivalent by Radionuclide

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14
TC 99
I 129
U 238
TH 234
PA 234
NP 237
PA 233

9.8E+0 1
2.9E+03

4.OE+01
3.6E+02
3.8E-02
1.3E-04
1.0E+03
1.OE-02

4.5E-03
1.8E-03

1.3E-04
7.4E-05
4.9E-02
7.7E-03
5.1E-03
1.2E-0 1

9.8E+01
2.9E+03

4.OE+01
3.6E+02
8.7E-02
7.8E-03
1.OE+03

1.3E-01

2
66
0
8
0
0
23
0

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 8

Maximum Dose Increment Received By Population
In Year 12000 (70-yr Time Period Number No: 143)

Weighted
Cumulative Cumulative

Dose Weighting Dose
Organ Equivalent Factors Equivalent

Gonads
Breast
R Marrow
Lung
Thyroid
Bone Sur
Stomach
LL Int.
Kidneys
UL Int.

7.6E+00 2.5E-01 1.9E+00
5.5E+00 1.5E-01 8.3E-01

3.5E+01 1.2E-01 4.2E+00
5.5E+00 1.2E-01 6.6E-01
1.2E+02 3.OE-02 3.6E+00
3.7E+02 3.OE-02 l.IE+01
4.4E+02 6.OE-02 2.6E+01

7.7E+01 6.0E-02 4.6E+00
3.2E+01 6.0E-02 1.9E+00

2.9E+01 6.0E-02 1.8E+00
Liver 1.9E+01 6.OE-02 l.IE+00

Cumulative Effective Dose Equivalent 5.8E+01
External Dose 2.5E-03

Lifetime Effective Cumulative
Dose Equivalent 5.8E+01

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 9

Maximum Dose Increment Received By Individual (rem)
In Year 12000 (70-yr Time Period Number No: 43)

Annual
Effective Effective Percent

Radio- Dose External Dose Of Total
nuclide Equivalent Dose Equivalent Dose

C 14 2.6E-07 1.2E-11 2.6E-07 2
TC 99 7.9E-06 4.8E-12 7.9E-06 66
1 129 l.IE-07 3.4E-13 l.1E-07 0
U 238 9.6E-07 2.OE-13 9.6E-07 8
TH 234 1.OE-10 1.3E-10 2.3E-10 0
PA 234 3.4E-13 2.1E-11 2.1E-11 0
NP 237 2.7E-06 1.4E-11 2.7E-06 23
PA 233 2.7E-11 3.2E-10 3.5E-10 0



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Tern Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 10

Population Internal Dose To Organ by Radionuclide
In Year 12000 (70-yr Time Period Number No: 143)

Radionuclide Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

C 14 1.3E+00 1.3E+00 1.3E+00 1.3E+00 1.3E+00 1.6E+00 1.6E+00 1.3E+00
TC 99 4.OE+00 4.4E+02 7.9E+00 2.7E+01 7.IE+01 4.8E+00 4.8E+00 4.OE+00
1 129 1.2E-03 1.7E-03 1.OE-03 1.OE-03 1.OE-03 1.4E-03 1.5E-03 9.4E-04
U 238 1.8E-01 2.5E-01 3.6E-01 1.2E+00 3.6E+00 6.4E+01 4.3E+00 1.7E-01
TH 234 3.7E-06 1AE-04 3.3E-04 2.OE-03 5.9E-03 2.8E-06 2.4E-06 3.1E-07
PA 234 4.3E-08 2.IE-06 4.3E-06 9.0E-06 7.4E-06 7.8E-08 2.2E-07 6.6E-08
NP 237 1.9E-03 1.7E-02 4.2E-02 2.3E-01 7.0E-01 3.OE+02 2.5E+01 2.1E+00
PA 233 5.8E-07 3.9E-05 1.1E-04 4.9E-04 1.4E-03 1.4E-05 9.6E-06 2.9E-06

Total internal 5.5E+00 4.4E+02 9.6E+00 2.9E+01 7.7E+01 3.7E+02 3.5E+01 7.6E+00

Radionuclide Ovaries Muscle Thyroid Kidneys Liver

C 14 1.3E+00 1.3E+00 1.3E+00 O.OE+00 0.OE+00
TC 99 4.OE+00 4.0E+00 1.OE+02 0.OE+00 5.5E+00
1 129 1.0E-03 2.5E-03 1.8E+01 0.OE+00 0.OE+00
U 238 1.8E-01 1.7E-01 1.8E-01 3.2E+01 0.OE+00
TH 234 3.9E-06 4.5E-07 4.OE-08 0.OE+00 5.5E-07
PA 234 9.4E-07 1.4E-07 5.1E-09 2.3E-07 1.7E-07
NP 237 2.1E+00 1.7E-03 1.2E-03 0.OE+00 1.3E+01
PA 233 3.5E-05 3.7E-06 6.9E-08 4.7E-06 3.3E-06

Total internal 7.6E+00 5.5E+00 1.2E+02 3.2E+01 1.9E+01

Population Air Submersion and External Incremental Dose by Radionuclide
In Year 12000 (70-yr Time Period Number No: 143)



Air
Submer- Exter-

Radionuclide sion nal

C 14 7.4E-11 5.9E-05
TC 99 2.OE-11 2.4E-05
I 129 2.8E-12 1.7E-06
U 238 1.6E-12 9.8E-07
TH 234 2.6E-10 6.5E-04
PA 234 3.7E-1l 1.OE-04
NP 237 1.3E-11 6.7E-05
PA 233 2.1E-10 1.6E-03

Total external 6.2E-10 2.5E-03

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Dose Calculation Program
(GENII Version 1.485 3-Dec-90)

Integrated population dose calculated for chronic liquid release
Release from time 1990. A.D. onward for 10,000 years
Case title: DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ In Situ Combo)
Executed on: 06/18/96 at 10:54:54.8 Page 11

Population Internal Dose To Organ by Exposure Pathway

In Year 12000 (70-yr Time Period Number No: 143)

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

Inhalation 1.3E-02 3.7E-05 2.6E-05 2.7E-05 3.0E-05 1.2E-02 9.9E-04 1.2E-04
Ingestion (Terr) 4.5E+00 4.3E+02 8.4E+00 2.7E+01 7.3E+01 1.8E+02 1.9E+01 5.4E+00
Ingestion (Aqua) 8.2E-01 1.1E+00 8.4E-01 9.4E-01 1.2E+00 1.2E+02 1.lE+01 1.7E+00
Drinking Water 1.9E-01 8.5E+00 3.4E-0l 1.OE+00 2.8E+00 7.3E+01 5.7E+00 5.4E-01

Total internal 5.5E+00 4.4E+02 9.6E+00 2.9E+01 7.7E+01 3.7E+02 3.5E+01 7.6E+00

Pathway Ovaries Muscle Thyroid Kidneys Liver

Inhalation 1.2E-04 2.6E-05 3.0E-05 2.2E-05 5.4E-04
Ingestion (Terr) 5.4E+00 4.5E+00 1.2E+02 2.OE+01 L.lE+01
Ingestion (Aqua) 1.7E+00 8.2E-01 8.9E-01 5.4E-01 5.4E+00
Drinking Water 5.4E-01 2.OE-01 3.8E+00 1.lE+01 2.3E+00

Total internal 7.6E+00 5.5E+00 1.2E+02 3.2E+01 1.9E+01

Dose in units of person-rem;
that is the cumulative population dose received by the local population
with an assumed 70-yr individual lifetime.



DITTY Long-Term Surface Water Release TWRS-EIS (Ex Situ Exten. Sepa.)
5

C 14
1129
NP237
TC99
U 238
&INPUT IWAT=i, IPATH=2, LUW=1, IPOPL=2,
CFLO=120000.,
RM=1.0, TZ=1990., TZR=0.,
PL1(1)=294830.,391538.,431210.,469891.,1273208.,4932964.,
TL(1)=1990., 2100.,2200.,2300.,2990.,11900.,
NTL=6,
USAGE(1)=0.3,0.,0.,0.,438.,17.,17.,
CONSUM(1)=15.,276.,20.,230.,40.,30.,8.5,
EXTIM=2920.,MOPYR=6, RIRR=150.,
GRWP(1)=90.,90.,90.,30.,3*90.,
YELD(1)=1.5,4.,0.84,1.3,3*0.84,

&END
5

C 14 5
1990. 0.0
4244. 0.0
4245. 0.0183
8995. 0.0183
8996. 0.0
1129 5
1990. 0.0
4244. 0.0
4245. 0.0001
8995. 0.0001
8996. 0.0
NP237 5
1990. 0.0
4244. 0.0
4245. 0.00023
8995. 0.00023
8996. 0.0
TC99 5
1990. 0.0
4244. 0.0
4245. 0.1126
8995. 0.1126
8996. 0.0
U 238 5



1990. 0.0
4244. 0.0
4245. 0.0064
8995. 0.0064
8996. 0.0


